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PEEFAOB. 



The Essays in the present volnnie have been selected 
from my contributions to serial literature during the 
past three or four years. Aithougli I have for some 
time been urged to publish such a volume, I think 
I should not have ventured to do so but for the 
kindness with which my " Other Worlds " and " The 
Sun " have been received, both by the press and the 
public. 

In preparing these Essays, my chief object has been 
to present scientific truths in a light and readable 
t'orm— clearly and simply, but with an exact adherence 
to the facts as I see them. I have followed— here and 
always — the rule of trying to explain my meaning 
precisely as I should wish others to explain, to my- 
self, matters with which I was unfamiliar. Hence I 
have avoided that excessive simplicity which some 
seem to consider absolutely essential in scientific essays 
intended for general perusal, but which is often even 
more perplexing than a too technical style. Tlie chief 
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rule I have followed, in order to make my descriptions 
clear, lias been to endeavor to make each sentence 
bear one meaning, and one only. Speaking as a 
reader, and especially as a reader of scientific books, I 
venture to express an earnest wish that this simple 
rnle were never infringed, even to meet the require- 
ments of style. 

It will hardly be necessary to mention that several 
of the shorter Essays are rather intended to amuse 
than to instruct. 

The Essay on the influence wlileli marriage has 
been supposed to exert on the death-rate is tlie one 
referred to by Mr. Darwin at page l7fi (vol. i.) of his 
"Descent of Kan." 

This and the other Essays^ from the Dmiy Wews 
are selected from a large number of articles which 
I wrote in the years 1868-70. It was by my kind 
fnend Mr. Walker, formerly editor of the Daily Ifews, 
that I was first urged to collect my Essays into a 
volume. I have to thank the proprietors and the 
present editor of the Daily 2fews, and the proprietors 
and editors of the other journals from which the pres- 
ent series has been selected, for freely according mo 
permission to reprint these Essays. 

ElCHAED A. PeOCTOE, 
LONDOK, Mai/, 1S71. 
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LIGHT SCIEITOE 
FOE LEISURE IIOUES. 



STRANG Ji- BISCOriJRIJSS liESPEOTING 
THE AURORA. 

One of the most myateriouB and Leaiitiful of 
Nature's manifestations promises soon to disclose its 
secret. The Ijrilliaiit streamers of colored light which 
wave at certain seasons over tlic heavens have long 
eince been recognized as among the most singular and 
impressive of all the phenomena which the shies pre- 
sent to our view. There is something surpassingly beau- 
tiful in the appearance of the true " auroral curtain." 
I'riiiged with colored streamers, it waves to and fro as 
tliongh sliaken by some unseen hand. Then from cud 
to end there pass a succession of undulRtions, the fokla 
of the curtain interwrapping and forming a series of 
graceful curves. Suddenly, and as by magic, there 
succeeds a peneei scillness, as though the unseen 
power which had been displaying the varied beauties 
of tlie auroral curtain were resting for a moment. But 
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8 LIGDT SCIENCE fOIi LEISUEE HOURS. 

even while the motion of the eurtaiii ia stilled we seo 
ita light raysteriouely waxing and waning. Then as 
we gaze, fresh wavea of disturbance traverse the magic 
canopy. Startling coruscationa add aplendoi' to the 
scene, while the nohle span of the auroral arch from 
which tlie waving curtain seems to depend, gives a 
grandeur to the epectacle which no words can ade- 
quately descrihe. Gradually, however, the celestial 
fires ■which have illuminated the gorgeous arch seem to 
die out. The luminous zone hreaks up. The scene 
of the display becomes covered with scattered streaks 
and patches of aahen gray light, which hang like 
clouds over the northern heavens. Then these in turn 
disappear, and nothing remaina of the brilliant specta- 
cle but a dark smoke-like segment on the horizon. 

Such ia the aurora as seen in arctic or antarctic 
regions, wliere the phenomenon appears in its fullest 
beauty. Even in our own latitudes, however, strik- 
ingly beautiful auroral displays may aometimea be 
witnessed. Yet those who have seen the spectacle 
presented near the true home of the aurora, recognize 
in other auroras a want of the fulness and splendor of 
«olor which form the most striking features of the 
arctic and antarctic auroral cnrtains. 

Hitherto the nature of the aurora has been a 
mysteiy to men of science ; nor, indeed, does the dis- 
covery we arc about to describe throw even now full 
light Oil the character of the phonomcuoii. That dis- 
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THE AUllOItA. 9 

covery, Iiowever, affords promise of a speedy solution 
of the perplexing problems presented by auroral dis- 
plays; and in itself, it is so full of interest and so 
suggestive, that onr pliyeicists already recognize it as 
one of the most important which have been made in 
recent times, 

A few brief words in explanation of tlie progress 
which had been effected in the study of anroral phe- 
nomena, will serve to render the interest and impor- 
tance of the discovery we have to describe more 
apparent. 

Let it be premised, then, that physicists had long 
since recognized in the aurora a phenomenon of more 
than local, of more even than terrestrial, significance. 
Tliey had learned to associate it with relations which 
affect the whole planetary scheme. Let us inquire 
how this had come about. 

So long as men merely studied the appeai-anceo pre- 
sented by the aurora, so long in fact as they merely 
regarded the phenomenon as a local display, they co»lcl 
form no adequate conception of its importance. The 
circumstance which first revealed something of the true 
cliaractcr of the aurora was one which seamed to 
promise little. 

Arago was engaged in watching from day to day, 
and from year to year, the vibrations of the magnetic 
needle in the Paris Observatory. Ho traced the 
s!ow progress of tlie needle to its extreme westerly 
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10 LIGHT SCIENCE rOR LEISURE IIOUKS. 

variation, and watched its course as it began to retracfl 
its way toward the true north. He discovered the 
minute vibration which the needle makes each day 
across its mean position. He noticed that this vibra- 
tion is variable in extent ; and so he was led to watch 
it more closely. Thus he had occasion to observe 
more attentively than had yet been done the sudden 
irregularities which occasionally characterize the daily 
movements of the needle. 

All this seems to have nothing to do with the 
auroral streamers; but we now reach the important 
discovery which rewarded Arago's patient watch- 
fulness. 

In January, 1819, he published a statement to the 
effect that the sudden changes of the magnetic needle 
are often associated with the occurrence of an aurora, 
I give the statement in his own words, as translated 
by General Sabine: "Auroras ought to be placed in 
the first rank among the causes which sometimes dis- 
turb the regular march of the diurnal changes of the 
magnetic needle. These do not, even in summer, 
exceed a quarter of a degree, hut when an aurora 
appears, the magnetic needle is often seen to move in 
a few instants over several degi-ecs." "During an 
aurora," he adds, "one often sees in the northern 
region of the heavens luminous streamers of different 
colors shoot from all points of the horizon. The 
point in the sky to which these streamers converge is 
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precisely the point to whicli a magnetized needle sus- 
pended by ita centre of gravity directs itself. 

It has, moreover, been shown that the concentric 
circular segments, almost similar in form to the rain- 
bow, which are usually seen previous to the appearance 
of the luminous streamers, have their two extremities 
resting on two parts of the horizon which are ec[ual!y 
distant from the direction toward wluch the needle 
turns ; and the summit of each arc lies exactly in that 
direction. From aU this U aj>pea/rs,mcotii6stal''l^, that 
there ia an irdimate conneGiion ietween the causes of 
auroras and those of terrestrial fnagnetism." 

This strange hypothesis was, at first, much opposed 
by scientific men. Among otliers the late Sir Pavid 
Brewster pointed out a variety of objections, some of 
which appeared at first sight of great force. Thus, he 
remarked that magnetic disturbances of the most 
remarkable character have often been observed when 
no aurora has been visible ; and he noticed certain 
peculiarities in the auroras observed near the polar 
regions, which did not seem to accord with Arago's 
view. 

But gradually it was found that physicists had mis- 
taken the character of the auroral display. It ap- 
peared that the magnetic needle not only swayed 
responsively to auroras observable in the immediate 
neighborhood, but to auroras in progress hundreds or 
even thousands of miles away. Nay, aa inquiry pro- 
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12 LIGHT SC^E^■CE FOU LEISURE HOURS, 

greased, it was discovered that the needles in oiu' 
northern observatories are swayed by influences asso- 
ciated even with the oecurreiice of ain'oras around the 
southern polar regions. 

In fact, not only have the difficulties pointed out 
(very properly, it need hardly be remarked) by Sir 
David Brewstei* been wholly removed ; but it has been 
found that a much closer bond of sympatliy exists 
between the niagnetiaed needle and the auroral 
streamers than even Arago had supposed. It is not 
merely the case that while an auroral display is in 
progress the needle is subject to unusual disturbance, 
but the movements of the needle are actually synchro- 
nons with the waving movements of the mysterioas 
streamers. An aurora may be in progress in the north 
of Europe, or even in Asia or America, and as the 
colored banners wave to and fro, the tiny needle, 
watched by patient observers at Greenwich or Paris, 
will respond to every phase of the display. 

And I may notice in passing that two very inter- 
esting eoucliisions follow from this peculiarity : First, 
every magnetic needle over the whole earth must be 
simultaneously disturbed; and, secondly, the auroral 
streamers which wave across the skies of one countiy, 
must move synchronously with those which are visible 
in the skies of another country, even though thousands 
of miles may separate the two regions. 

But I must paiSR on to consider further the circum- 
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THE AUKORA. 13 

Btances which give interest and sigiiiflcaiiec to the 
Btrange disooverj which ia the subject of this paper. 

Could we only associate auroras with teiTestrial 
magnetism, we should still have done much to enhance 
the interest which the beautiful phenomenon is calcu- 
lated to excite. But when once this association has 
been established, others of even greater interest are 
brought into recognition. For terrestrial jnagnctiam 
has been clearly shown to be influenced directly by the 
action of tlie sun. The needle in its daily vibration 
follows the sun, not indeed through a complete revolu- 
tion, but as far as the influence of other forces will per- 
mit. This has been abundantly confirmed, and is .■i 
fact of extreme importance in the theory of terrestrial 
magnetism. Wherever the sun may be, either on the 
visible heavens or on that half of the celestial sphere 
which is at the moment beneath the horizon, tlie end 
of the needle nearest to the sun makes an effort (so to 
speak) to point more directly toward the great ruling 
centre of the planetaiy scheme. Seeing, then, that the 
daily vibration of the needle is thus caused, we recog- 
nize the fact that the flisturbanees of the daily vibra- 
tion may be referred to some peculiarity of the solar 
action. 

It was not, therefore, so surprising as many have 
supposed, that the increase and diminution of these 
disturbances, in a period of about eleven years, should 
be found to correspond with the increase and dirainii- 
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14 LIGHT aCIEJSfCE I'OR LEISURE HOURS. 

tion of tlic number of aolar spots in a period of equiil 
length. 

We already begin to see, then, that auroras are 
associated in some mysterious way with the action of 
the solar rays. The phenomenon -which had been 
looked on for so many ages as a mere spectacle, caused 
perhaps by some process in the upper regions of the 
air, of a simply local character, has been brought into 
the range of planetary phenomena. As surely as 
the brilliant planets which deck the nocturnal sltiea 
are illuminated by the same orb which gives us our 
days and seasons, so are they subject to the same mys- 
terious influence which causes the northern banners to 
wave resplendently over the starlit depths ef heaven. 
J^ay, it is even probable that every flicker and corus- 
cation of our auroral displays correspond^ with similar 
manifestations upon every planet which travels round 
the eun. It becomes, then, a question of exceeding 
interest to inquire what is the nature ef the mysterious 
apparition which from time to time illuminates our 
skies. We have learned something of the laws accord- 
ing to which the aurora appears ; but what is its true 
nature ? What sort of light is that which illuminates 
the heavens ? Is there some process of combustion 
going on in the upper regions of our atmosphere ? Or 
are the auroral streamei^ electric or phosphorescent? 
Or, lastly, is the light simply solar light reflected from 
some substance which exists at an enormous elevation 
above the earth ? 
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THE AURORA. 15 

All these ticws have from time to time found sup- 
portera among scientific men. It need hardly l)e said 
that "what we now know of the association between 
auroraJ action and some form of eolar disturbance, 
would at once enable ua to reject some of these hj- 
potliesea. But we need not discuss the eubjeet from 
this point of view ; because a mode of research has 
recently been rendered available which at once an- 
swers our incLuiries as to the general character of any 
kind of light. I proceed to consider the application 
of this method to the light from the auroral streamers. 

The spectroscope, or, as we may term the instru- 
ment, the "light-sifter," tells us of what nature an 
object which is a -source of light may be. If the object 
is a luminous solid or liquid, the instrument converts 
its light into a rainbow-colored streak. If the object 
is a luminous vapor, its light is converted into a few 
bright lines. And, lastly, if the object is a luminous 
solid or liquid shining through any vapors, the rain- 
bow-colored strealt again makes its appearance, but it 
is now crossed by dark lines, corresponding to the 
vapors wliicli surround the object and absorb a portion 
of its light. 

But I must not omit to notice two circumstances 
which render the interpretation of a spectrum some- 
what less simple than it would otherwise be. 

In the first place, if an object is shining by reflected 
light, its spectrum is precisely gimikr to that of the 
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object whose liglit illuininateB it. Thus we cannot 
pronounce positively as to the nature of an object 
merely from the appearance of its spcctiiim, unless we 
are quite certain that the object is self-luminous. !For 
example, we observe the solar epeetnim to be a rain- 
bow-colored streak crossed by a multitude of dark lines, 
and we conclude accordingly that the sun is an incan- 
descent globe shining through a complex vaporous at- 
mosphere. We feel no doubt on this point, because 
we are absolutely certain that the sun is self-luminous. 
Again, we observe the spectrum of the moon to be 
exactly similar to the solar spectrum, only, of course, 
much less brilliant. And here also we feel no doubt 
in interpreting the result. We know, certainly, that 
the moon is not self-luminous, and therefore we con- 
clude with the utmost certainty that the light we re- 
ceive from her is simply reflected solar light. So far 
all is clear. But now take the case of an object like 
a comet, which may or may not be self-luminous. If 
we find that a comet's spectrum resembles the sun's-— 
and this is not altogether an hypothetical case, for a 
portion of the light of every comet yet examined does 
in reality give a rainbow-colored streak resembling the 
solar spectrum— wo cannot form, in that case, any such 
positive conclusion. The comet may be a self-luminous 
body, but, on the other hand, its light may be dne 
merely to the reflection of the solar beams. Accord- 
ingly, we find that onr spectroscopists alwjiys accom- 
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paiiy tlie record of such an observation with iin expres- 
sion of doubt as to the real nature of tlie object wliicli 
is tlie source of Hgbt. 

Secondly, when an electric spark flashes tlirougli 
any vapor, its light gives a spectrum whieli indicates 
the nature, not only of the vapor tlirougb whicli the 
spark has passed, but of the substances between which 
the spark has travelled. Thus, if we canao an electric 
flash to pass between iron points through common air, 
wo see in the spectrum the nunierons bright lines whicli 
form the spectrum of iron, and in addition we see the 
briglit lines belonging to the gases which form our at- 
mosphere , 

Both the considerations above discussed are of the 
utmost importance in studying the subject of the au- 
roral light as analyzed by the spectroscope, because 
tlicre are many diiHcnlties in forming a general opinion 
as to the nature of the auroral light, while there are 
circumstances which would lead us to anticijjate that 
the light is electric. 

We notice also in passing that we owe to the Ger- 
man physicist Angstrom a large share of tlie researches 
on which tlie above results respecting the spectrum of 
the electric spark are founded. The reader will pres- 
ently see why we have brought Angstrom's name prom- 
inently forward in connection with the interesting 
branch of spectroscopic analysis just referred to. If 
the discovery we are approaching had been eft'ccted by 
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a tyro in tlie iise of tlte apeetroscope, doubts might very 
reaaonably hare been entertained respecting the ex- 
aotneas of the observatious on ivliieh the discovery 
rests. 

It was suggested many years ago, long indeed be- 
fore the true powers of spectroscopic analysis had been 
revealed, that perhaps if the light of the am-ora were 
analyzed by the prism, evidence could be obtained of 
its electric nature. The eminent meteorologist Dove 
remarked, for instance, that " the peculiarities pre- 
sented by the electric light arc so marked that it ap- 
pears easy to decide definitely by prismatic analysis, 
whether the light of the aurora is or is not electric." 
Singularly enough, however, the first proof that the 
auroral light is of an electric nature was derived from 
a very different mode of inquiry, Dr, Eobinson, of 
Armagh, discovered in 1858 (a year before Kirchhoff's 
recognition of the powera of spectroscopic analysis) 
that the light of the aurora possesses in a pecuhar de- 
gree a property termed fluorescence, which is a recog- 
nized and characteristic property of the light produced 
by electrical discharges. " Those effects," he remarks 
of the appearances presented by the auroral light under 
the tests he applied, " were so strong in relation to the 
actual intensity of the light, that tliey appear to afford 
an additional evidence of the electric origin of the phe- 
nomenon," 

Passinir over this ingenious application of one of 
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tlie moat singular and interesting properties of liglit, 
we find that tlie earliest determination of tlie real na- 
ture of the anroral liglit — or rather of its spectrum — 
was that effected by Angstrom, This observer toolc 
advantage of the occurrence of a brilliant aurora in the 
winter of 1867-'68 to analyze the spectrum of the col- 
ored streamei"B. A. single hright line only was seen ! 
Otto Struve, an eminent linssian astronomer, shortly 
afterward made confirmatory observations. At the 
meeting of' the Eoyal Astronomical Society in June, 
1868, Mr. Hugging, KK. S., thus described Stmve's 
results : " In a letter, M. Otto Struve has informed me 
that he has had two good opportunities of observing 
the spectrum of the aurom borealis. The spectrum 
consists of one line, and the light is therefore mono- 
chromatic. The line falls near the margin of the yel- 
low and green portions of the spectrum. . , . This 
shows that the monochromatic light is greenish, which 
surprised me ; but General Sabine tells me that in his 
polar expeditions he has frequently seen the aurora 
tinged with green, and this appearance corresponds 
with the position of the line seen by !W. Struve." 

The general import of this observation there is no 
mistaking. It teaches ua that the light of the aurora 
is due to Inrainous vapor, and we may conclude, with 
every appearance of probability, that the luminosity of 
the vapor is due to tlio passage of electric discharges 
through it. It is, however, possible that the position 
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of the bright line may be due to the cliavMter of tlie 
particles between wMch the discharge takes place. 

But the v.iew we are to take must depend upon the 
position of the line. Here a difficulty presents itself. 
There is no known terrestrial element whose spectrum 
has a bright line precisely in the position of the line in 
the auroral spectrum. Aiid mere proximity has no 
significance whatever in spectroscopic analysis. Two 
elements differing as much from each other in charac- 
ter as iron and hydrogen may have lines so closely 
approximating in position that only the most powerful 
spectroscope can indicate the difference. So that 
when Angstrom remarks that the bright line lie has 
seen lies slightly to the left of a well-known group of 
lines belonging to the metal calcium (the principal 
ingredient of common chalk), we are by no means to 
infer that he supposes the substance wliich causes the 
presence of the bright line h^ any resemblance to that 
element. Until we can find an element which has a 
bright line in its spectrum absolutely coincident with 
the bright line detected by Angstrom in the spectrum 
of the aurora,* all speculation as to the real nature of 
the vapor in which the auroral electric discharge takes 
place, or of the substance between which the spark 
travels, is altogether precluded. 

But interesting as the discovery undoubtedly is, 

* Othei' green llues have aiace been disc^ovo^Oii in tii3 auroral spec- 
trum ; and occisionnll}' ft red line is seen, 
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we have now to deal with one of a vet nipre interest- 
ing character. 

Most of iny readers have doubtless heard of the 
zodiacal light, and many of them have perhaps seen 
tliat mysterious radiance, pointing obliquely upward 
from the western horizon soon after sunset in the 
spring montlia, or in autumn shortly before sunrise, 
above tiie eastern horizon. The light, as its name 
indeed implies, lies upon that region of the heavens 
along ■wliieli the planets travel. Accordingly, astron- 
omers have associated it with the planetary orbits, and 
liave come to look on it as formed by the light reflected 
from a multitude of minute bodies travelling around 
the sun within the orbit of our earth. 

Yet it had long been recognized that there are 
difSculties in the way of this theory. Passing over 
those which depend ou the position of the zodiacal 
light upon the heavens, there are difficulties connected 
with the appearance of the object. Tor example, its 
light has often been observed to flicker or coruscate in 
a manner which it seemed difficult to ascribe to the 
motions of our own atmosphere. Then again there 
have been seasons when the zodiacal light has shone 
with unusual intensity for months together, and there 
is nothing in the received theory which can account 
for such a peculiarity. L^tly, there is the strange 
circumstance recorded by Baron Humholdt that the 
zodiacal light is often invisible when niffht first sets in 
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and tlicn suddenly appears -with full splendor; a plic- 
nomenon wliich is utterly jnexplicatle if the received 
theory be accepted. The wliolo account of the phe- 
nomenon, as given by Baron Iliimboldt, is so interest- 
ing, and for my present purpose so significant, that I 
give it at full length : 

"In the tropical climate of South America," he 
remarks, " the variahle strength of the light of the 
zodiacal gleam struck me at times with utter amaze- 
ment. As I there passed the beautiful nights, in the 
open air, on the banks of rivers, and in the grassy 
plains for several months together, I had opportunities 
of observing the phenomenon with attention. "When 
tlie zodiacal light was at its very brightest, it some- 
times happened that but a few mintues afterward it 
became notably weakened, and then it suddenly 
gleamed up again with its former brilliancy. In par- 
ticular instances, I beheved that I remarked — not any 
thing of a ruddy tinge, or an interior arched obscura- 
tion, or an emission of spai'ks, such as Mairan describes, 
but^ — a kind of unsteadiness and flickering of the 
light." 

Despite those and similar observations, very little 
doubt had been felt by astronomers that the zodiacal 
light really indicates the presence of minute bodies 
travelling in more or less eccentric paths round the 
sun. And it was confidently expected that whenever 
a spectroscope of sufficient delicacy to analyze the faint 
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light of the zodiacal gleam was appKed to that pur- 
poae, the resulting spectrum would be merely a very 
faint reprodactioii of the solar spectrum. 

Eecently, however, tlie zodiacal light has been ana- 
lyzed by Angstrom, with a result altogether unexpected, 
and at present almost unintelligible. Its spectrtim 
exhibits a hright Une, <md this Tyright line is the same 
that is se&n in the spectrum of the aurora lorealis ! 

How are we to understand this most surprising 
result? Eememhering that the aurora is undoubtedly 
a terrestrial light, whencesoever it derives its lumi- 
nosity — in other words, that the electric discharges, 
however excited, really take place in the upper regions 
of our own atmosphere, while as certainly the zodiacal 
light is an extra-terrestrial phenomenon— the observed 
phenomenon becomes one of the most perplexing dis- 
coveries ever made by man. That it will before long 
be interpreted we have no doubt whatever ; nor do we 
doubt that the interpretation will involve the explanar 
tion of a whole series of phenomena which have lately 
perplexed astronomers. Kecalling the association be- 
tween auroras and teiTestrial magnetism, and that 
between terrestrial magnetism and the solar spots, and 
remembering further that our physicists have recently 
detected well-marked signs that the planets in their 
courses influence the sun's atmosphere and generate 
his spots in some manner as yet unexplained, we see 
that the one fact wanting to explain Angstrom's dis- 
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covery ia undoubtedly not an isolated fact, but must be 
associated in the most intimate manner with a variety 
of important cosmical relations. To epceulate as to 
the nature of the as yet undiscovered interpretation 
of Angstrom's researches would at present be an idle 
task, perhaps. But one feature of the solar scheme 
with which we cannot doubt that it will he found to 
bo associated, must be mentioned before we eonclude. 

Of all the phenomena presented to the contempla- 
tion of astronomers, the tails of comets are undoubted- 
ly the most perplexing. Their rapid foi-mation, their 
swift motions (if, indeed, we could believe that their 
changes of position are due to a real transmission of 
their material substance), and the enormous variety of 
configuration and of structure which they present to 
our contemplation, render them not merely amazing, 
but altogether unintelligible. 

"Now, there is one feature of comets' tails which lias 
long since attracted attention, and wi!l remind the 
reader of the peculiarities common to the zodiacal and 
the auroral light. We refer to the sudden changes 
of brilliancy, the fiickerings or coruscations, and the 
instantaneous lengthening and shortening of these 
mysterious appendages. Olbera spoke of "explosions 
and pulsations which in a few seconds went trembling 
through tiie whole length of a comet's tail, with the 
effect now of lengthening, now of abridging it by 
several degrees." And the eminent mathematician 
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Eulcr was led by the observation of similar appearaneea 
to put forward the theory " thai there is a great affinity 
hetmeen these toMs, the sodAacaJ, Ught, and the aurora 
loreaUs." The late Admiral Smyth, commenting on 
this opinion of Euler'e, remarks that " most reasoners 
seem now to consider comets' tails aa consisting of 
electi'ie matter; " adding that " this would account for 
the undulations and other appearances which have 
been noticed, aa, for instance, that extraordinary one 
seen by M, Chladni in the comet of 1811, when certain 
undulatory ebullitions rushed from the nuclens to the 
end of tlie tail, a distance of more than ten millions 
of miles, in two or three seconds of time." To this 
we may add tlie somewhat bizarre theory suggested by 
Sir John Herschel, that the matter forming the zodia- 
cal light is " loaded, perhaps, witb the actual materials 
ijf the tails of millions of comets, which have been 
stripped of tliese appendages in the course of suece^ive 
passages round the immediate neighborhood of the sun." 
"Now, hitherto no comet with a sufficiently brilliant 
tail for spectroscopic analysis has appeared since Kirch- 
hoff's invention of that mode of research. Already 
our physicists had been looking forward anxiously for 
the appearance of such a comet as Donati's or Ilalley's. 
But Angstrom's recent discovery, and the evidence 
which seems to associate the tails of comets with the 
auroral and zodiacal lights, render our spectroscopiste 
doubly anxious to submit a comet's tail to spectroscopic 
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analysis. It is far from being tinlikely tliat tlireo 
long-vexed questions — the nature of the aurora, and 
that of the zodiacal light, and that of comets' tails — 
will receive their solution simnltaneously. 

I had scarcely completed the above pages when 
news was brought from America that the spectrum of 
the son's coi-ona, as seen during the recent total solar 
eclipse, esliibited the same bright lines as the aurora. 
The fact tliat aurora] lines are mentioned will at once 
be noticed; but it is to be remarlied that the two faint 
lines wliieh have been lately seen in the auroral spec- 
trum eorrrapond to but a very small portion of the 
light we receive from the northern streamers. In the 
spectrum of the corona the same three lines appear, 
but their relative brightness is difier'eiit. The bright- 
est line of the auroral spectrum is faint in the spectrum 
of the corona, while the latter exhibits a bright line 
where the foi^ner has a faint one. 

News has also been received that a comparison of 
the photographs of the eclipse proves the corona, or at 
any rate its brigbti^t part, to belong to the sun. 

Lastly, it hi^ been found that the peculiar phospho- 
rescent light sometimes visible all over tho shy at night 
gives the same spectrum (very faint, of course) as the 
aurora and the zodiacal light. 

It is impossible not to recognize the fact that these 
discoveries point to relations of the utmost importance. 
The teachings of the spectroscope are too certain to be 
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mistaken. When it shows U3 such and such lines 
bright or dark, we may conclude, without fear of being 
misled, that such and euch substanceB are emitting or 
absorbing light. What we learn certainly, therefore, 
from tlie facts above stated, is this, that substances of 
the same sort emit the light of the am-ora, of the zodia- 
cal gleam, of the sun's corona, and of the i>hosphores- 
cenee which illuminates at times the nocturnal skies. 
We may conclude, but not so certainly, that the manner 
in which the light is emitted is also the same in each case. 
We hnow certainly that the auroral light is excited by 
the solar action. We know certainly that it is associ- 
ated with the earth's magnetism. The opinion, then, 
which we should form of the source to which the other 
lights are due is tolerably obvious. So long as elec- 
tricity was merely used as a convenient way of account- 
ing for any perplexing phenomenon, it was impossible 
to accept explanations of cosmical peculiarities as due 
to electrical action. But when once we have reason 
— as in the case of the aurora we undoubtedly Lave — to 
associate electricity with any particular form of lumi- 
nosity, we seem clearly justified in extending tlie ex- 
planation to the saiTie form of luminosity wherever 
it may appear. 

I believe that the key to the whole series of phe- 
nomena dealt with above lies in the existence of myriads 
oi meteoric bodies travelling separately or in systems 
round the sen. They are consumed in thousandg 
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daily by our own atmosphei'e ; they probably pour in 
countless millions upon the solar atmospbere ; and from 
what we know of their numbers in our own neighboi^ 
hood, and of the probability of their being infinitely 
more numerous in the neighborhood of the sun, we 
have excellent reasons for believing that to them prin- 
cipally is due the appearance of the zodiacal light and 
the solar corona. 

(From i'V«s«-'! J%<(?»(^, FLbrudi-y, 18T0.) 



THE EARTH A MAGNET. 

TniiiiE is a very prevalent but erroneous opinion 
that the magnetic needle points to the north. We 
remeuaber well bow we discovered in om' boyhood that 
the needle does not point to the north, for the discovery 
was impressed upon us in a very unpleasant manner. 
"We bad purchased a pocket-compasa, and were very 
anxious — not, indeed, to test the instrument, since we 
placed implicit reliance upon its indications — but to 
make use of it as a guide across unknown regions. 
Not many miles from where we lived lay Cobham 
Wood, no very extensive forest certainly, but large 
enough to lose one's self in. Thither, accordingly, we 
proceeded with three school-fellows. "When we had 
lost ourselves, we gleefully called the compass into 
action, and made from the wood in a direction which 
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wc supposed would lead tis home. "We travelled on 
with full confidence in onr pocket-giiide ; at each tuni- 
inr; we consulted it in an artistic manner, carefully 
poising it and waiting till its vibrations ceased. But 
when we had travelled some two or three miles without 
seeing any house or road that we recognized, matters 
assumed a less cheerful aspect. "We were unwilling to 
compromise our dignity as "explorers" by asking the 
way-— a proceeding which no precedent in the history 
of our favorite travellers allowed us to think of. But 
evening came on, and with it a summer thunder- 
stonn. "We were getting thoroughly tired out, and the 
hwo oUm memmisse jwvabit with which we had been 
comforting ourselves began to lose its foi'ce. When 
at length we yielded, we learned that we haM gone 
many miles out of our road, and we did not reach 
home till several hours after dark. How it fared with 
our school-fellows we know not, but a result overtook 
ourselves personally, for which there is no precedent, 
so far as we are aware, in the records of exploring 
expeditions. Also the offending compass was con- 
fiscated by justly indignant parents, so that for a long 
while the cause of our troubles was a mystery to us. 
We now know that instead of pointing due north, t!ie 
compass pointed more than 20° toward the west, or 
nearly to the quarter called by sailors north-northwest. 
Ko wonder, therefore, that we went astray when we 
followed a guide so untrustworthy. 
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The pccnliarity that the magnet needle does not, 
in general, point to the north, is the first of a series of 
peciiliai'ities which we now propose biieily to describe. 
The irregularity is called by sailors the needle's varia- 
tion, but the term more commonly used by scientific 
men is the declination of the needle. It was probably 
discovered a long time ago, for 800 years before our 
era the Chinese applied the magnet's directive force to 
guide them in journeying over the great Asiatic plains ; 
and they must soon have detected so marked a peculi- 
arity. Instead of a ship's compass, they made use of 
a magnetic car, on the front of which a floating needle 
carried as mall figure, whose outstretched arm pointed 
southward. We have no record, however, of their 
discovery of the declination, and know only tliat they 
were acquainted with it In the twelfth century. The 
declination was discovered, independently, by European 
observers in the thirteenth centuiy. 

As we travel from place to place, the declination of 
the needle is found to vary. Christopher Columbus 
was the first to detect this. He discovered it on the 
13th of September, li92, during his first voyage, and 
when he was six hundred miles from Ferro, the most 
westerly of the Canary Islands. He fonud that the 
declination, which was toward the east in Europe, 
passed to the west, and increased continually as he 
travelled westward. 

But here we see the first trace of a yet more singu- 
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,ar peculiarity. "We have said that at present the dec- 
lination is toward the west in Europe. In Columbus's 
time it was toward the east. Tlius we learn tliat tho 
dedination varies with the progress of time, as well as 
with change of place. 

The genius of modem science is a weighing and a 
measuring one. Men are not satisfied nowadays with 
linowing that a peculiarity exists ; they seek to deter- 
mine its extent, how far it is variahle — whether from 
time to time or from place to place, and so on. JSfow 
the results of such inquiries applied to the magnetic 
declination have proved exceedingly interesting. 

AVe find, first, that the world may be divided into 
two unequal portions, over one of which the needle has 
a westerly, and over the other an easterly, declination. 
Along the boundary -line, of course, the needle points 
due north. England is situated in the region of west- 
ei'ly magnets. This region includes all Europe, except 
the northeastern parts of Kussia ; Turhey, Arabia, and 
the whole of Africa ; the greater part of the Indian 
Ocean, and the western parts of Australia ; nearly the 
whole of the Atlantic Ocean ; Greenland, the eastern 
parts of Canada, and a small slice from the northeastern 
part of Brazil. All these form one region of westerly 
declination ; but, singularly, enough, there lies in tho 
very heart of the remaining and larger region of east- 
erly magnets an oval space of a contrary character. 
This space includes the Japanese Islands, Mantchooria, 
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and tlie eastern parts of Oliina, It is very notcwortliy 
aldo, that in the westerly region tlie declination is much 
greater than in tlie easterly. Over the whole of Asia, 
for instance, the needle points almost due north. On 
the contrary, in tho north of Greenland and of Baffin's 
Bay, the magnetic needle points due west ; while still 
farther to the north (a little westerly), we find the 
needle pointing with its nortii end directly toward the 
Bouth. 

In the presence of these peculiarities, it would be 
pleasant to speculate. "We might imagine the existence 
of powerfully magnetic veins in the earth's solid mass, 
coercing the magnetic needle from a full obedience to 
the true polar summons. Or the comparative effects 
of oceans and of continents might be called into play. 
But, unfortunately for all this, we have to reconcile 
views founded on _;fc(? relations presented by the earth 
with the process of change indicated above. Let us 
consider the declination in England alone. 

In the fifteenth century there was an easterly dec- 
lination. Tliis gradually diminished, so that in about 
the year 1(357 the needle pointed due north. After 
this the needle pointed toward the west, and contin- 
ually more and more, so that scientific men, having 
had experience only of a continual shifting of the 
needle in one direction, began to form the opinion that 
this change would continue, so that the needle would 
pass, through northwest and west, to the south. In 
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I'act, it W3.S imagined tliat tlie motion of tlio needle 
■would resemble that of tlie hands of a watch, ojilj in a, 
reversed direction. But before long observant men 
detected a gradual diminution in the needle's westerly 
motion. Arago, the distinguished French astronomer 
and physicist, was the first (we believe) to point out 
that " the progressive movement of the magnetic needle 
towai'd the west appeared to have become continually 
slower of late years " (he wrote in 1814), " which 
seemed to indicate that after some little time longer it 
might become retrograde." Three years later, namely, 
on the 10th of February, 1S17, Arago asserted defini- 
tively that the retrograde movement of tlie magnetic 
needle had commenced to be perceptible. Colonel 
Beaufoy at first oppugned Arago's conclusion, for he 
found from observations made in London during the 
years 181T-1819, that the westerly motion still con- 
tinued. But he had omitted to take notice of one very 
simple fact, viz., that London and Paris are two differ- 
ent places, A few years later the retrograde motion 
became perceptible at London also, and it has now been 
established by the observations of forty yeai-s. It ap- 
pears, from a careful comparison of Beaufoy's observa- 
tions, that the needle reached the limit of its western 
digression (at Greenwich) in March, 1819, at which 
time the declination was very nearly 25°. In Paris, 
on the contrary, the needle had reached its greatest 
western digression (about 22^°) in 1814, Tt is rather 



3d b, Google 



34 LIGHT SCIEXCE TOR LEISL'EE noCES. 

singular that, altboagh at Paris tlie retrograde motion 
thus presented itself five years earlier than in London, 
the needle pointed due north at Paris six years later 
than in London, yjz., in 1663. Perhaps the greater 
amplitude of the needle's London digression may ex- 
plain this peculiarity, 

" It was already sufficiently difficult," says Arago, 
" to imagine what could be the kind of change in the 
constitution of the globe whieli could act during one 
hundred and fifty-three years in gradually transferring 
the direction of the magnetic needle from due north to 
23° west of north. "We see that it is now necessary to 
explain, moreover, liow it has happened that this grad- 
ual change has ceased, and has given place to a return 
toward the preceding state of the globe." " How is 
it," he pertinently asks, " that the directive action of 
the globe, which clearly must result from the action 
of molecules of which the globe is composed, can be 
thus variable, wliile the number, position, and tempera- 
ture of these molecules, and, as far as we know, all 
their other physical properties, reinain constant ? " 

But we have considered only a single region of the 
earth's surface. Arago's opinion will seem still more 
just when we examine the change which has taken 
place in what we may term the " magnetic aspect " of 
the whole globe. Tiie line which separates the region 
of westerly magnets from the region of easterly 
mai^ncts now runs, as wo li.avcsaid, across Canada and 
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eastern Brazil in one hemispliere, and across Russia, 
Asiatic Turkey, the Indian Ocean, and West Australia, 
in the other ; besides having an outlying oval to the 
east of the Asiatic continent. Now these lines have 
swept round a part of the globe's circuit in a most 
singular manner since 1600. They have varied alike 
in direction and complexity. The Siberian oval, now 
distinct, was in 178T merely a loop of the eastern line 
of no declination. The oval appears now to be con- 
tinually diminishing, and will one day probably dis- 
appear. 

We iind here presented to us a phenomenon as 
mysterious, as astonishing, and as worthy of careful 
study, as any embraced in the wide domains of science. 
Eut other peculiarities await our notice. 

If a magnetic needle of suitable length be carefully 
poised on a fine point, or, better, bo suspended from a 
silk thread without torsion, it will be found to exhibit 
each day two small, but clearly perceptible, oscillations. 
M. Arago, from a careful series of observations, deduced 
the following results : 

At about eleven at night, the north end of the 
needle begins to move from west to east, and having 
reached its greatest easterly excursion at about a quar- 
ter-past eight in the morning, returns toward the west 
to attain its greatest westerly excursion at a quarter-past 
one. It then moves again to the east, and having 
reached its greatest easterly excursion at half-past cigU 
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in the evening, returns to the west, and attains its great- 
est westerly excursion at eleven, as at starting. 

Of course, these excursions take place on either side 
of the mean position of the needle, and as the excursions 
are small, never exceeding the fifth part of a degree, 
■while the mean position of the needle lies some 20° to 
the west of north, it is clear that the excursions are 
only nominaUy eastern and western, the needle point- 
ing, throughout, far to the west. 

I^'ow if we remember that the north end of the nee- 
dle is that farthest from the sun, it will be easy to trace 
in M, Arago's results a sort of effort on the part of the 
needle to turn toward the sun— not merely when that 
luminary is above the Iiorizon, hut during his noctur- 
nal path also. 

"VVe are prepared, therefore, to expect that a varia- 
tion, having an annual period, shall appear, on a close 
observation of our suspended needle. Such a varia- 
tion has been long since recognized. It is found that in 
the summer of both hemispheres, the daily variation is 
exaggerated, while in winter it is diminished. 

But besides the divergence of a magnetized needle 
from the north pole, there is a divergence from the 
horizontal position which must now claim our atten- 
tion. If a non-magnetic needle be carefully suspended 
so as to rest horizontally, and be tlien magnetized, it 
will be found no longer to preserve that position. The 
northern end dips very sensibly. Thl", happens in our 
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liemispliere. In the aouthem, it is the southern end 
which dips. It is clear, therefore, that it' we travel 
from one hemisphere to the other, we must find the 
northern dip of tlie needle gradually diminishing, till at 
some point near the equator the needle is horizontal ; 
and aa we pass thence to southern regions, a gi-adually 
increasing southern inclination is presented. This has 
been found to be the case, and the position of the line 
along which there is no inclination (called the magneUe 
equator) has been traced around the globe. It is not 
coincident with the earth's equator, bat crosses that 
circle at an angle of twelve degrees, passing Irom north 
to south of the equator in long. 3° west of Greenwich, 
and from south to north in long. 187° east of Green- 
wich. The form of the line is not exactly that of a 
great circle, but presents here and there (and especially 
where it crosses the Atlantic) perceptible excursions 
irom such a figiu-e. 

At two points on tne earth's globe the needle will 
rest in a vertical position. These are the magnetic 
poles of the earth. The northern magnetic pole was 
reached by Sir J. G. Koss, and lies in 70° N. lat. aud 
263° E. long., that is, to the north of the American 
Continent, and not very far from Boothia Gulf, One 
of the objects with which Eoss set out on his celebrated 
expedition to the Antarctic Seas was the discovery, if 
possible, of the southern magnetic pole. In this he 
was not successful, Twice lie wa? in Iiopcs of attaining 
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liis object, but each time he was Btopped by a barrier 
of land. He approached so near, however, to tlie pole, 
that the necd!e waa inclined at an angle of nearly 
ninety degrees to the horizon, and he was able to 
assign to the southern pole a position in 75° S. lat., 
154° K. long. It is not probable, we shoiild imagine, 
that either pole is fixed, since we shall now see that 
the inclination, like the declination of the magnetic 
needle, is variable from time to time, as well as from 
place to place ; and in particular, the magnetic equator 
is apparently snbieeted to a slow but uniform urocess 
of change. 

Arago tells us that the incHnation of tlio needle at 
Paris has been observed to diminish year by year since 
1671. At that time the inclination was no less than 
75° ; in other words, the needle was inclined only 15° 
to the vertical. In 1791 tlie inclination was less than 
71°. In 1831 it was less than 68°. In like manner, 
the inclination at London has been observed to dimin- 
ish, from 72° in 1786 to 70= in 1SI)4, and thence to 68° 
at the present time. 

It might be anticipated from such changes aa these 
that the magnetic equator would be found to be 
changing in position. Nay, we can even guess in which 
way it must be changing. For, since the inclination is 
diminishing at London and Paris, the magnetic equa- 
tor must be approaching these places, and this (in the 
present position of the curve) can only happen by a 
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gradual shifting of the magnetic equator from east to 
west along the true ecLiiatoi'. Tliia motion has been 
found to be really tatiug place. It is supposed that 
the movement is accompanied by a change of form; 
but more obsei-vatioua are necessary to establish this 
interesting point. 

Oan it be doubted that while these changes are 
taking place, the magnetic poles also are slowly shifting 
round the true pole ? Must not the nortliem pole, for 
instance, he fai-ther from Pans now that the needle is 
inclined more than 23° from the pertical, than in 1671, 
ivlien the inclination was only 15°? It appears obvi- 
ous that this must be so, and we deduoe the interesting 
conclusion that each of the magnetic poles is rotating 
around the earth's axis. 

But there is anotherpecnliarity of the needle wliich 
ia as noteworthy as any of those we have spoken about. 
"We refer to the intensity of the magnetic action — the 
energy with which the needle seehs its position of 
rest. This is not only variable from place to place, 
hut from time to time, and is further subject to sudden 
changes of a very singular cbaracter. 

It might he expected that where the dip is greater, 
the directive energy of the magnet would be propor- 
tionately great. And this is found to he approximately 
the case. Accordingly, the magnetic equator is very 
nearly coincident with the '' equator of least intensity," 
hut not exactly. As we approacli tlie magnetic poles 
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we find a more considerable divergence, eo that instead 
of there being a northern pole of greatest intensity 
nearly coincident with the northern magnetic pole, 
which we have seen lies to the north of the American 
Continent, there arc two northern poles, one in Siberia 
nearly at the point where the river Lena crosses tlie 
Arctic circle, the other not so far to the north — only a 
few degrees north, in fact, of Lake Snperior, In the 
sonth, in like manner, there are also two poles, one on 
the Antarctic circle, aboiit 130° E. long,, in Adelie 
Island, the other not yet precisely determined, but 
supposed to lie on about the 240th degree of longitude, 
and south of the Antarctic circle. Singularly enough, 
there is a line of lower intensity running right round 
the earth along the valleys of the two great oceans, 
" passing through Behring's Straits and bisecting the 
Pacific, on one side of the globe, and passing out of 
the Arctic Sea by Spitzbergen and down the Atlantic, 
on the other." 

General Sabine discovered that the intensity of the 
magnetic action varies during the course of the year. 
It is greatest in December and January in ioiJi hemi- 
spheres. If the intensity had been greatest in winter, 
one would have been disposed to have assigned sea- 
sonal variation of temperature as the cause of the 
change. But as the epoch is the same for both hemi- 
spheres, we must seek another cause. Is there any 
astronomical element which seems to correspond with 
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the law diBCOvered "by Satine ? There is one veiy im- 
portant element. The position of the perilielion of the 
earth's orbit is such that the earth is nearest to the sun 
on about the Slst of December or the 1st of January. 
There seems nothing raslily apeenlative, then, in con- 
cluding that the sun exercises a magnetic influence on 
the earth, varying according to the distance of the 
earth from the sun. Nay, Sabine's results seem to 
point veiy distinctly to the law of variation. For, 
although the number of observations is not as yet very 
great, and the extreme delicacy of the variation ren- 
ders the determination of its amount very difficult, 
enough has been done to show that in all probability 
the sun's influence varies according to the same law as 
gravity — that is, inversely as the square of the dis- 
tance. 

That the sun, the source of light and heat, and the 
great gravitating centre of the solar system, should 
exercise a magnetic influence upon the earth, and that 
this influence should vary according to the same law 
as gravity, or as the distribution of light and heat, will 
not appear perhaps very surprising. But the discovery 
by Sabine that the moon exercises a distinctly traceable 
efieet upon the magnetic needle seems to us a very 
remarkable one. We receive very little light from the 
moon, much less (in comparison with the sun's light) 
than most persons would suppose, and we get abso- 
lutely no perceptible heat from her. Therefore it 
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woiild seem rather to the influence of mass and prox- 
imity that the magnetic disfciirhances caused by the 
moon must be ascribed. But if the moon exercises an 
influence in this way, why should not the planets? 
"We shall see that there is evidence of some such in- 
fluence being exerted by these bodies. 

Moi-^ mysterious, if possible, than any of the facts 
ive have discussed is the phenomenon of magnetiG 
storms. The needle has been exhibiting for several 
weeks the most perfect uniformity of oscillation. Day 
after day, the careful microscopic observation of the 
needle's progress has revealed a steady swaying to and 
fro, such as may be seen in the masts of a stately ship 
at anchor on the scarce-heaving breast of ocean. Sud- 
denly a change is noted ; irregular jerking movements 
aro perceptible, totally distinct from the regular peri- 
odic oscillations. A magnetic storm is in progress. 
But where is the centre of disturbance, and what are 
the limits of the storm ? The answer is remarkable. 
If the jerking movements observed in places spread 
oveY very large regions of the earth — and in some well- 
authenticated eases over the whole earth — ^be compared 
with the local time, it is found that (allowance being 
made for difference of longitude) iliey occur precisely 
at the same insta/nt. The magnetic vibrations thrill in 
one moment through the whole frame of our earth t 

But a very singular circumstance is observed to 
characterize these magnetic storms. They are nearly 
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ahvajs oLserved to be accompanied by tlie exliitition 
of tlio aurora in high latitudes, nortliern aiid southern. 
Probably tiiey never happen without such a display ; 
hut numbers of auroras escape our notice. The con- 
verse proposition, however, lias been established as a 
universal one. No great display of the aurora ever 
occurs without a strongly-marked magnetic storm. 

Magnetic storms sometimes last for several hours or 
even days, 

Rememhering the influence which the sun has 
been found to exercise upon the magnetic needle, the 
question will naturally arise, Has the sun any thing to 
do with magnetic storms? We have clear evidence 
that he has. 

On the 1st of September, 1859, llessrs. CaiTington 
and Hodgson -were observing the sun, one at Oxford 
and the other in London. Their scrutiny was directed 
to certain large spots which, at that time, marked the 
sun's face. Suddenly a bright light was seen by each 
observer to break out on tlie sun's surface and to travel, 
slowly in appearance, but in reality at the rate of 
about 7,000 miles in a minute, across a part of the 
solar disk. Ifow it was found afterward that the self- 
registering magnetic instruments at Kew had made at 
that very instant a strongly -marked jerlj. It was 
learned that at that moment a magnetic stonn pre- 
vailed at the West Indies, in South America, and in 
Australia. The sigiiahmcn in the telegraph-stations at 
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AVasliington and Philadelphia received strong electi'ic 
eltocks ; the pen of Bain's telegrapli was followed hy a 
flame of fire ; and in Norway the telegraphic niacliin- 
ery was Bet on fire. At night great anrorae were seen 
in both hemispheres. It is impossible not to connect 
these startling magnetic indications with the remark- 
able appearance observed upon the sun'e disk. 

But there is other evidence. Magnetic storms pre- 
vail more commonly in some years than in others. In 
those years in which they occur most frequently, it is 
found that the ordinary oscillations of the magnetic 
needle are more extensive than usual. Now, when 
these peculiarities had been noticed for many yeai-s, it 
was found that there was an alternate and syKtematic 
increase and diminution in the intensity of magnetic 
action, and that the period of the variation was about 
eleven years. But at the same time, a diligent observer 
had been recording the appearance of the sun's face 
from day to day and from year to year. He had found 
that the solar spots are in some yeai-s more freely dis- 
played than in otlioi^. And he had determined the 
period in which the spots are successively presented 
with maximum frequency to be about eleven years. 
On a comparison of the two sets of observations, it was 
found (and has now been placed beyond a doubt by 
many years of continued observation) that magnetic 
perturbations are most energetic when the sun is most 
spotted, and vice veisa. 
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For ao remarkable a phenomenon aa this none hnt 
a cosmica] cause can suffice. "VVe can neither say that 
tlie spots cause the magnetic storms, nor that the mag- 
netic storms cause the spots. We must seek for a 
cause producing at once hofch sets of phenomena. There 
is as jet no certainty in this matter, but it seems as if 
philosophers would Boon he able to trace in the dis- 
turbing action of the planets upon the solai- atmosphere 
the cause as well of the marked period of eleven years 
as of other less distinctly-marked periods wliich a dili- 
gent observation of solar phenomena is beginning to 

cdiiee. 

(From the CornMll MagailiK, Jiiac, 18G3.) 



OUB CHIEF TIMMPIECE LOSING TIME. 

A DISTINGUISHED Prcnch astronomer, author of one 
of the most fascinating works on popular astronomy 
that has hitherto appeared, remarks that a man would 
be looked upon as a maniac who should speak of the 
influeneo of Jupiter's moons upon the cotton-trade. 
Yet, as he proceeds to show, there is an easily-traced 
connection between the ideas which appear at first 
sight so incongruous. The link is found in the deter- 
mination of celestial longitude. 

Similarly, what would be thought of an astronomer 
who, regarding thoughtfully the stately motion of the 
sidereal system as exhibited on a magnified, and there- 
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fore appreciable, scale by a powerful telescope, should 
speak of the connection between this movement and 
the intrinsic worth of a sovereign ? The natural 
thought with most men would he that " too much 
learning " had made tlie astronomer mad. Tet, when 
■we come to inquire closely into the question of a sov- 
ereign's intrinsic value, we find ourselves led to the 
diurnal motion of the stars, and that by no very intri- 
cate path. For, What is a sovereign ? A coin contain- 
ing so many grains of gold mixed with so many gi-ains 
of alloy. A grain, we know, is the weight of such and 
such a volume of a certain standard substance — that is, 
so many cubic inches, or parts of a cubic inch, of that 
substance. But what is an inch ? It is determined, 
we find, as a certain fraction of the length of a pendu- 
lum vibrating seconds in the latitude of London. A 
second, we know, is a certain portion of a mean solar 
day, and is practically determined by a reference to 
what is called a sidereal day — the interval, namely, be- 
tween the successive passages by the same star of the 
celestial meridian of any fixed place. Ihia interval is 
assumed to he constant, and it has indeed been de- 
scribed as the " one constant element " known to as- 
tronomers. 

"We find, then, that there is a connection, and a 
very important connection, between the motion of the 
stare and our measures, not merely of value, but of 
weight, length, volume, and time. In tact, our whole 
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Bystem of weights and measures ia founded on tlie a;>- 
l>areiit diurnal motion of the sidereal system, that is, 
on the real dioi'nal rotation of the eartli. We may 
look on the meridian-plane in which the great transit- 
telescope of the Greenwich Observatory is made to 
swing, as the gigantic hand of a mighty dial, a hand 
whicli, extending outward among the stars, traces out 
for ns, by its motion among them, the exact progress 
of time, and so gives us the means of weighing, meas- 
uring, and valuing terrestrial objects with an exactitude 
which is at present heyond our wants. 

The eartli, then, is onr " eliief timepiece," and it is 
of the correctness of this giant clock tliat we are now 
to speak. 

But how can we test a timepiece whose motions 
we select to regulate every other timepiece ? If a man 
sets his watch every morning by the clock at "West- 
minster, it is clearly impossible for him to test the ac- 
curacy of that clock by the motions of his watch. It 
would, indeed, be possible to detect any gross change 
of rate ; but, for the purpose of illustration, I assume, 
what is indeed the case, that the clock is very accurate, 
and, therefore, that minute errors only are to be looked 
for even in long intervals of time. And, just as the 
watch set by a clock cannot be made use of to test the 
clock for small errors, so our best timepieces cannot be 
employed to detect slow variations, if any such exist, 
in the earth's rotation-period. 
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Sir William Hersehel, who early saw the impor- 
tance of the subject, suggested another method. Some 
of the plauets rotate in such a manner, and bear such 
distinct marks upon their surface, that it is possible, 
by a series of obseiTations extending over a long inter- 
val of time, to determine the length of their rotation- 
period within a second or two. Supposing their rota- 
tion imiform, we at once obtain an accurate measure 
of time. Supposing their rotation not uniform, we 
obtain — (1) a hint of the kind of change we are look- 
ing for ; and (2), by the comparison of two or more 
planets, the means of guessing bow the variation is to 
be distributed between the observed planets and our 
own earth. 

Unfortunately, it turned out that Jupiter, one of 
the planets from which Herschel expected most, does 
Tiot afford us exact infonnation — his real surface being 
always veiled by his dense and vapor-laden atmospliere. 
Saturn, Yenus, and Mercury, are similarlj' circum- 
stanced, and are in otlier respects unfavorable objects 
for this sort of observation. Mars only, of all the 
planets, is reaEy available. Distinctly marked (in 
telescopes of sufficient power) with continents and 
oceans, which are rarely concealed by vapors, this 
planet is in other respects fortunately situated. Por it 
is certain that ■whatever variations may be taking 
place in planetary rotations must be due to external 
agencies. ISTow, Saturn and Jupiter have tlieir satol- 
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litcs to influence (perhaps appreciably in long inte^'v"a]3 
of time) their rotation -movements. Yenus and Mer- 
cury are near the sun, and are therefore in this respect 
worse off than the earth, whose rotation is in question, 
JIars, on the other hand, farther removed than we are 
from the sun, having also no ujoon, and being of small 
dimensions (a very important point, be it observed, 
since the tidal action of the sun depends on the dimen- 
sions of a planet), is likely to have a rotation-period 
all but absolutely constant, 

Herschel was rather unfortunate in his observa- 
tions of Mai^, Having obtained a rough approxima- 
tion from Mars' rotation in an interval of two days — 
this rough approximation being, as it happened, only 
thirty-seven seconds in excess of the true pei-iod— he 
proceeded to take three intervals of one month each. 
This should have given a much better value, hut, as 
it happened, the mean of the values he obtained was 
forty-six seconds too great. He then took a period of 
two years, and being misled by the erroneous values 
he had already obtained, lie missed one rotaUon, get- 
ting a value two minutes too great. Thirty years ago, 
two German aati'onomerB, Beer and Madler, tried the 
same problem, and taking a period of seven years, ob- 
tained a value which exceeds the true value by only 
one second. Another German, Kaiser, by combining 
more observations, obtained a value which is within 
onc-liftcciith of a second of ilie true value. But a 
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comparison of observations extending over 200 years 
has enabled the present writer to obtain a value which 
he considers to lie one-hundredth part of a second of 
tlie truth. Tliis value for Mara' rotation-period is 2i 
Iiours 37 minutes 32'74 seconds. 

Here, then, we have a result so accurate, that at 
some future time, it may serve to test the earth's rota- 
tion-period. We have compared the rotation-rate of 
our test-planet with the earth's rate during the past 
200 years; and therefore, if the earth's rate vary by 
more than one-hundredth of a second in the next two 
or three hundred years, we sliall — or, rather, our de- 
scendants will — begin to have some notion of the 
change at the end of that time. 

But, in the mean time, mankind being impatient, 
and not willing to leave to a distant posterity any 
question which can possibly be answered now, astron- 
omers have looked around them for information 
available at once on this interesting point. The search 
has not been in vain. In fact, we are able to an- 
nounce, with an approach to positiveness, that our 
great ten-estrial timepiece is actually lomtg time. 

Ill our moon we have a neighbor whish has long 
been in the habit of answering truthfully questions 
addressed to her by astronomers. Of old, she told 
Newton about gravitation, and when he doubted, and 
urged contradictory evidence offered — as nion in his 
time snpposed — by the earth, she set him on the right 
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ti'aek, BO that when in due time the evidence offered 
hy the earth was corrected, Kewton was prepared at 
once to accept and propound the noble tlieoiy which 
ren(5ered liis name illustrions. Again, men wished to 
learn the true shape of the earth, and went hither and 
thither measuring its globe ; hut the moon, meanwhile, 
told the astronomer who remained at home a truer 
tale. They Bought to learn the earth's distance from 
the Bun, and from this and that point they turned their 
telescopes on Venus in transit ; but the moon has set 
them nearer the truth, and that not by a few miles, 
hut by 3,000,000 or more. We shall see tliat she has 
had something to say about our great terrestrial time- 
piece. 

One of the great charms of the science of astron- 
omy is, that it enables men topredict. At such and 
such an hour, the astronomer is able to say, a celestial 
body will occupy such and such a point on the celes- 
tial sphere. You direct a telescope toward the point 
named, and lo ! at the given instant the promised orb 
sweeps across the Held of view. Each yeit.r there is 
issued a thick octavo volume crowded with anch predic- 
tions, three or four years in advance of the events 
predicted ; and these predictions are accepted with as 
little doubt by astronomers as if they were the reeorda 
of past events. 

But astronomers are not only able to predict — they 
uan also trace back the paths of the celcetiiil bodies. 
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ami say : " At siioh and such a long-past epocli, a piven 
star or planet occupied sueli and suoli a ptsitloii upon 
tlie celestial spliere," But how are they to vevity bhcU 
a statement i It is clear that, in general, they cannot 
do BO. Those who are able to appreciate (or better, 
to make use of) the predictions of astronomy, will, 
indeed, very readily accord a full measure of confidence 
to ealculatiuns of past events. They know that as- 
tronomy is justly named the most exact of the sciences, 
and thoy can sea that there is nothing:, in tlie nature 
of things, to render retrospection more difficutt than 
prevision. But there are hundreds who have no such 
experience of the exactness of modem astronomical 
methods — who have, on the contrary, a vague notion 
that modern astronomy is merely tho successor of 
systems now exploded; perhaps even that it may one 
day Iiave to make way in its turn for new methods. 
And if all other men were willing to accept the cal- 
culations of astronomers respecting long-past events, 
astronomers themselves would he less easily satisfied. 
Long experience lias taught them that the detection of 
error is the most fruitful source of knowledge ; there- 
fore, wherever such a course is possible, they always 
gladly submit their calculations lo the test of obser- 
vation. 

Now, looking backward into the far past, it is only 
here and there that we see records which afford means 
of comparison wit!] niodcni calculations. Tlie planets 
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have swept on in their courses for ages with nono 
to note them. Gradually, observant meii began to 
notice and record tlie more remarkable phenomena. 
But such records, made with very insufficient instru- 
mental means, have in general but little actual value. 
It has been found easy to confirm them without any 
special regard to accuracy of calculation. 

But tliere is one class of phenomena wliich no 
inaccuracy of observation can very greatly aiFcct. A 
total eclipse of the sun is an occurrence so remark- 
able, that (1) it can hardly take place without being 
recorded, and (3) a very rough record will suffice to 
determine the particular eclipse referred to. Long 
intervals elapse between successive total eclipses 
visible at the same place on the earth's surface ; and 
even partial eclipses of noteworthy extent occur hut 
seldom at any assigned place. Very early, therefore, 
in the history of modern astronomy, the suggestion 
was made, that eclipses recorded by ancient historians 
should be calculated retrospectively. An unexpected 
result rewarded the undertaking : it was found that 
ancient eclipses could not be fairly accounted for 
without assigning a slower motion to tlie moon in 
long-past ages than she has at present ! 

Here was a difficulty wliich long puzzled mathe- 
maticians. One after another was foiled by it. llalley, 
an English mathematician, had detected the difficulty, 
but no English mathematician was able to grapple 
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with it. Contented witli Newton'a fame, they had 
suffered their Continental rivals to shoot far ahead in 
the course he had pointed out. But the best Conti- 
nental jnatliematiciaus were defeated. In papers of 
acknowledged merit, adorned by a variety of new i^ro- 
cesses, and showing a deep insight into the question at 
issue, they yet arrived, one and all, at the same con- 
elusion — f ai hire, 

Ninety years elapsed before the true explanation 
was offered by the great mathematician Laplace. A 
full exposition of his views would be out of place in 
such a paper as tlie present, but briefly, they amount 
to this : 

Tlie moon travels in her orbit, swayed cliiefly by 
the earth's attraction. But the sun, though greatly 
more distant, yet, owing to the immensity of his mass, 
plays an important part in guiding our satellite. His 
influence tends to relieve the moon, in part, from the 
earth's sway. Thus she travels in a wider orbit, and 
with a slower motion, than she would have but for the 
sun's influence. Now, the earth is not at all times 
equally distant from the sun, and his influence upon 
the moon is accordingly variable. In winter, when the 
earth is nearest to the sun, his influence is greatest. 
The lunar month, accordingly (as any one may see by 
referring to an almanac), is longer in winter than in 
summer. This variation had long been recognized as 
tlic moon's "annual equation;" but Laplace was the 
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first to point out that the variation is itself slowly 
varying. The earth's orbit is slowly changing in 
shape — becoming more and more nearly circular year 
by year. As the greater axis of her orbit is unchan- 
ging, it is clear that the actual extent of the orbit is 
slowly increasing. Thus, the moon is slightly re- 
leased from the sun's influence year by year, and so 
brought more and more under the earth's influence. 
She travels, therefore, continually faster and faster ; 
thongb the change is indeed but a very minute one — 
only to be detected in long intervals of time. Also 
the moon's acceleration, as the change is termed, is 
only temporary, and will in due time bo replaced by 
an equally gradual retai-dation. 

When Laplace had calculated the extent of the 
change due to the cause he had detected, and when it 
was found that ancient eclipses were now satisfactorily 
accounted for, it may well be believed that there was 
triumph in the mathematical camp. But this was not 
all. Other mathematicians attacked the same problem, 
and their results agreed so closely that all were con- 
vinced that the difficulty was thoroughly vanquished. 

A very noteworthy result flowed from Laplace's 
calculations. Among other solutions which had been 
suggested, was the supposition (supported by no less 
an authority than Sir Isaac Newton, who lived to see 
the eonmiencement of the long conflict maintained by 
mathematicians with this difficulty), that it is not the 
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moon travelling more quicldy, but our earth rotating 
more slowly, wbicb causes tbe observed discrepancy. 
!Now, it resulted from Laplace's labors — as he was the 
first to announce — that the period of the earth's rota- 
tion has not varied by one-tenth of a second per century 
in the li^t two thousand years. The question thus 
satisfactorily settled, as was supposed, was shelved for 
more than a quarter of a century. The result, also, 
which seemed to flow from the discussion — the con- 
stancy of the earth's rotation -movement — was ac- 
cepted ; and, as we have seen, our national system of 
measures was founded upon the assumed constancy of 
tlie day's dui'ation. 

But mathematicians were premature in their I'e- 
joicings. The question has been brought, by the 
labors of Professor Adams — co-discoverer with Le- 
verrier of the distant Neptune— almost exactly to the 
point which it occupied a century ago, We are face 
to face with the very difiieulties — somewhat modified 
in extent but not in character — which puzzled Halley, 
Euler, and Lagrange. It would be an injustice to the 
memory of Laplace to say that his labors were thrown 
away. The explanation offered by him is indeed a 
just one, but it is insufficient. Properly estimated, it 
removes only lialf the difficulty which had perplexed 
mathematicians. It would be quite impossible to pre- 
sent in brief space, and in form suited to these pages, 
the views propounded by Adams. What, for instance, 
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would most of our readers learn if we wore to tell tliem 
that, " when the variability of tlic eccentricity is taJieii 
iuto account, in integrating the differential equations 
involved in the problem of the lunar motions— that is, 
when the eccentricity is made a ftmetion of the time 
— non-penodic or secular terms appear in the expres- 
sion for the moon's mean motion " — and so on ? Let it 
suffice to say that Laplace had considered only the 
effect of the eun in diminishing the earth's pvll on the 
moon, supposing that the slow variation in the sun's 
(ZiT'eei influence on the moon's motion in her orbit must 
he self-compensatory in long intervals of time. Adams 
has shown, on the contrary, that when this variation 
is closely examined, no such compensation is found to 
tahe place ; and that the effect of this want of com- 
pensation is to diminish by more than one-half the 
effects due to ths slow variation examined by Laplace. 
These views gave rise at first to considerable con- 
troversy. Pontecoulant characterized Adams's pro- 
cesses as '* analytical conjuring-tricts ; " and Loverrier 
stood up gallantly in defence of Laplace. The contest 
swayed hither and tliither for a wliile ; but gradually 
the press of new arrivals on Adams's side began to 
prevail. One by one. his antagonists gave way ; now 
processes have confirmed his results, figure for figure ; 
and no doubt now exists, in the mind of any astron- 
omer competent to judge, of the corrcctncsa of Ad- 
ams's viowii. 
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But side by side with tliia incjuiry, another Lad 
been in progress. A crowd of diligent laborers had 
been aeardiing with close and rigid scrutiny into tlie 
eircamstances attending ancient eclipses. A new light 
had been thro-\v-n upon this subject by the labors of 
modern travellers and historians. One remarkable 
instance of this may be cited. Mr. Layard has iden- 
tified the site of Larissa with the modem Nimroud. 
Now, Xenophon relates that when Larissa was besieged 
by the Persians, an eclipse of the siin took place, so 
remarkable in its effects (and therefore undoubtedly 
total), that the Median defenders of the town threw 
down their arms and the city was accordingly cap- 
tui-ed. And Hansen had shown that a certain estmiate 
of the moon's motion makes the eclipse which occurred 
on August 15, 310 b. c, not only total, but central at 
Nimroud. Some other remarkable eclipses — as the 
celebrated sunset eclipse (total) at Eome 399 b. c, 
the eclipse which enveloped tlie fleet of Agathocles 
as he escaped from Syracuse; the famous eclipse of 
Thales, which interrupted a battle between the Medes 
and Lydians; and even the partial eclipse which 
(probably) caused the "going back of the shadow upon 
the dial of Aliaz " — have all been accounted for satis, 
factorily by Hansen's estimate of the moon's motion ; 
so, also, have nineteen lunar eclipses recorded in the 
Almagest, 

This estimate of irnnson's. wbidi accounts so sntis- 
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faetorily for solar and lunar eclipses, makes the moon's 
rato of motion increase more than twice as fast as it 
should do according to the calcolations of Adams. 
But before our readers ran away with the notion th;tt 
astronomers have here gone quite astray, it will bo 
well to present, in a simple manner, the extreme 
minuteness of the discrepancy aboitt which all tlie coil 
has been made. 

Suppose that, just in front of our moon, a false moon 
exactly equal to ours in size and appearance (see note 
at the end of this paper) were to set oft' with a motion 
corresponding to the present motion of the moon, save 
only in one respect — namely, that the false moon's 
motion should not be subject to the change we are 
considering, termed ths accderation. Then one hun- 
dred years would elapse before our moon would fairly 
begin to show iu advance. She would, in that time, 
have brought only one-one-huudred-and-fiftietli part 
of lier breadth from behind the false moon. At the 
end of another century, she would have gained four 
times as much; at the end of a third, nine times as 
much : and eo on. She would not, fairly have cleared 
her own breadth in less than twelve hundred years. 
But the whole of this gain, minute as it is, is not left 
unaccounted for by our modern astronomical theories. 
JIalf the gain is explained, the other half remains t.o 
be interpreted ; in other -words, tlie moon travels far- 
tJier ly about half her own Iireadth in twelve cen- 
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turics than she should do according to ths lutmr 
theory. 

But ill tliis difficulty, small as it seems, we Q.re not 
left wholly without resource. We are not only able 
to say that the discrepancy is probably due to a 
gradual retardation of the earth'a rotation-movement, 
but we are able to place our finji^er on a very sufficient 
caiise for such a retardation. One of the most firmly- 
establislied principles of modern science is this— that 
where work is done, force is, in some way or other, 
expended. The doing of worh may show itself in a 
variety of ways — in the generation of heat, in the 
production of light, in the raising of weights, and so 
on ; but in every case an equivalent force must bo 
expended. If the brakes are applied to a train in 
motion, intense heat is generated in the substance of 
the brake; now, the force employed by the brakesman 
is not equivalent to the heat generated. "Where, then, 
is the balance of force expended ? "We all know that 
the train's motion is retarded, and this loss of motion 
represents the requisite expenditure of force. Ifow, ia 
there any process in Nature rtsembJing, in however 
remote a degree, the application of a brake to check 
tlie earth's rotation? There is. The tidal wave, which 
sweeps, twice a day, round the earth, travels in a di- 
rection contrary to the earth's motion of rotation. 
That this wave " does work," no one can doubt who 
has watched its cifects. The mere rise and fall in 



3d b, Google 



OUR CHIEF TIMEPIECE LOSING TIME. 01 

open ocean may not be strikingly indicative of " work 
done ; " "but when wo Bee the behavior of the tidal 
wave in narrow channels, when we sec hoavily-laden 
ships swept steadily up our tidal rivers, we cannot but 
recognize the expenditure of force. Now, where does 
this force come from ? Motion being the great " force- 
measnrer," what motion suffers that the tides may 
■worh f We may securely reply, that the only motion 
which can supply the requisite force is the earth's 
motion of rotation. Therefore, it is no idle dream, 
but a matter of absolute certainty,- that, though slowly, 
still very surely, our terrestrial globe is losing its rota^ 
tion-movement. 

Considered as a timepiece, what are the earth's 
errors? Suppose, for a moment, that the earth was 
timed and rated two thousand years ago, liow much 
has she Zosi, and what is her "rate error?" She has 
lost in that interval nearly one hour and a quarter, and 
she is losing now at the rate of one second in twelve 
weeks. In otlier words, the length of a day is now 
more by about one-eighty-fonrth part of a second than 
it was two thousand years ago. At this rate of change, 
our day would merge into a lunar month in the course 
of thirty-six thousand millions of years. But after a 
while, the change will take place more slowly, and 
some trillion or so of years will elapse before the full 
change is effected. 

Distant, however, ns i^ the epoch at which the 
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changes we liave been considering ■will become effec- 
tive, tlie subject appears to ua to hare an interest apart 
from the mere speculative consideration of tlie future 
physical condition of our globe. Instead of the recur- 
rence of ever-varying, closely-intermingled cycles of 
fluctuation, we sec, now for the first time, the evidence 
of cosmical decay — a decaywhich, in its slow progress, 
may be but the preparation for renewed genesis — but 
still, a decay which, so far as the races at present sub- 
sisting upon the earth are concerned, must be looked 
upon as finally and completely destructive.* 

(From Oluimbcrs's JoKrna}, October 12, 1867.) 



ENGKE THE ASTRONOMER. 

FouK years have passed since Encke died. Even 
those four years have witnessed notable changes in the 
aspect of the science he loved so well. But we must 
look back over more than fifty years, if we would form 
an estimate of the position of astronomy when Encke's 
most notable work was achieved. At Seeberge, under 
Lindenau, Encke had been perfecting himself in the 

* In the Qaarterly Journal of Bciinre for October, 1886, a more 
detaUed but somewhat lass popular aotount of the subject of the abore 
paper is presented. A few montlia earlier, a. charmingly-written paper 
on Oie same subject, from tlie pen of Mr, J, M. Wilson, of Rugbj, had 
appeared in the Eaoie, a magazine written by and for membara of St. 
John's College, Cambridge. Althongb my paper in the Qaarierli/ Journal 
of Sderux was written quite independently of Mr. Wilson's (whieli, 
however, I bad read), yet i' chanced that in deseribjng the same inatbe- 



3d b, Google 



EXCKE THE ASTROKOMER. 03 

higher branches of mathematical calculati<.in. He took 
tJie difficult work of determining the orbital motions 
of newly-discovered comets under hia special charge, 
and Dr. JBruhns tells us that every comet whieh was 
detected during Encke's stay at Seeberge was subjected 
to rigid scrutiny by the indefatigable inatliematieiaii. 
Bi^fore long a discovery of the utmost importance 
rewarded his persevei-ing labors. Pons had detected 
oil November 26, 1818, a comet of no very brilliant 
aspect, whicli was watched first at Marseilles, and then 
at Mannheim, until December 29 t!i. Enclce next took up 

miiticnl relntiona, and the same sequence of events, I here nod there 
used language closel)' resembling his. I fear this led for a, while to some 
misconeeption ; but I was fortunately able to show in Mr. De la Rue's 
address to the Astranonilcal Societ;, on tlie eame subject, passages yet 
more Btrikingly resemLling some in Mr. Wilson's paper (nritten sub 
sequently and quite uidependently). The fact would seem to be that, jf 
two persons describe the Same events, and deal with the same mathe- 
matical relations, it is almost certain that uimore than one passigc they 
will use somewhat similar expressions. 

I was actually indebted to Mr, Wilson's paper for one illustndon, 
howevei' — that derived from the movements of a supposed artiScial 
moon ; and I think that, had bis paper appeared in a magazme printed 
for general circulation, I should have referred to it. As it wis, this 
seemed useless so far as the readers of the Quarlerli/ Jbwnal of Scieiiie 
were concerned. The cireumstaneea of the ease weie, mdeed, far 
ieom calling for a reference ; while I had in a sense made the illustra^ 
tion my own by delecting on hnpoctant miscalculation in the original 
{the amount of advance beityj; either doubled or halved — I forget which). 
Had I referred to Mr. Wilson's paper, I must needs have mentioued 
this mistake ; and it would have appeared as though I had no other 
purpose in mailing the reference. 

I mention these matters to explain what I fear my esteemed fcUow- 
collegian was disposed at the tune to regard as either a uroiig or a 
slight. Nothing was further from inj intention than either. 
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the woi-li, and ti'acked the comet until Jannary 13tli. 
Combining the obserrationa made between December 
22d and Jannary 12th, he assigned to the body apara- 
bolie orbit. But he was not satisfied with the accord- 
ance between this path and the observed motions of the 
body, When he attempted to account for tlie motions 
of the comet by means of an orbit of comparatively 
short period, lie was struck by the resemblance between 
the path tlms deduced and tliat of Comet I, 1805. 
Gradually the idea dawned upon him that a new era 
was opening for science. Hitherto the only periodical 
comets which had been discovered except Lexell's — 
the "lost comet" — ^liad travelled in orbits extending 
far out into apace beyond the paths of the most distant 
known planets. But now Encke saw reason to believe 
tliat he had to deal with a comet travelling within the 
orbit of Jupiter, On Pebniary 6tli, he wrote to the 
eminent mathematician Gauss, pointing out the results 
of his inquiries, and saying that lie only waited for the 
encouragement and authority of his former teacher to 
prosecute his researches to the end toward which they 
already seemed to point. Gauss, in reply, not only 
encouraged Encke to proceed, but counselled him as 
to the course he should pui-sue. The result we all 
know. Encke showed conclusively that the newly- 
discovered comet travels in a path of short period, and 
that it had already made its appearance several times 
in our neighborhood. 
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From the date of this discovery, Encte took high 
rank among the astronomers of Europe. Ilis subse- 
quent labors by no means fell sliovt of the promise 
which this, his fii-st notable achievement, liad aiforded. 
If lie effected less as an astronomical observer than 
many of his contemporaries, he was surpassed by 
few as a manipulator of those abstruse formnlts hy 
which the planetary perturbations are calculated. It 
was to the confidence engendered by this skill that we 
owe his celebrated discovery of the acceleration of the 
motion of the comet mentioned above. Assured that 
he had rightly estimated the disturbances to which 
tlie comet is subjected, he w^ able to pronounce con- 
fidently that some cause continually (though all but im- 
perceptibly) impedes the passage of this body tlirou-^li 
space, and so — by one of those strange relations which 
the student of astronomy is familiar with — tlie contin- 
ually retarded comet travels ever mores wiftly along a. 
continually diminishing orbit. 

Bruhna's Life of Encke is well worth reading, not 
only by those who are interested in Encke's fame and 
work as an astronomer, but hy the general reader. 
Encke the man is presented to our view, as well as 
Encke tlie astronomer. "With loving pains the pupil 
of the great astronomer handles the theme he has 
selected. The boyhood of Encke, his studies, his 
soldier-life in the great uprising against Napoleon in 
ISlo, and hia work at the Secberge Observatory; his 
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labors on comets and asteroids ; Lis investigations of 
the transits of 1761 and 1769 ; his life as an acade- 
mician, and as director of an important observatory ; 
liis orations at festival and funeral ; and lastly, his 
illness and death, are described in these pages by one 
who held Encke in grateful remembrance aa " teaclier 
and master," and as " a fatherly friend." 

!Not the least interesting feature of tbe work is the 
correspondence introduced into its pages. We find 
Encke in communication with Humboldt, with Bessel 
and Struve, with Hansen, Olbers, and Argelander; 
with a host, in iine, of living as weli as of departed 
men of science. 

IFroui ^'a/>I,v, llardi 10, 1870.) 



VENUS ON THE SUN'S FACE. 

MoEE tha.n a century ago scientific men were look- 
ing forward with eager interest to the passage of tlio 
planet Venus across the sun's face in 1769, Tbe 
Eoyal Society judged the approaching event to be of 
such extreme importance to the science of astronomy, 
that they presented a memorial to King George III., 
requesting that a vessel might be fitted out, at govern- 
ment expense, to convey skilful observers to one of the 
stations which had been judged suitable for observing 
the phenomenon. The j'etition was complied with, 
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anfl, after some difficulty as to tlie choice of a leader, 
the good sliip " Endeavor," of 870 tons, was placed 
under tlie command of Captain Cook. The astro- 
nomical work intrusted to the expedition was com- 
pletely successful ; and thus it was held that England 
had eatisfactorily discharged her part of the work of 
utilizing the rare phenomenon known as a transit of 
Venus. 

A century passes, and science is again awaiting with 
interest the approach of one of these transits. But now 
her demands are enlarged. It is not one ship that is 
asked for, but the full cost and charge of several ex- 
peditions. And this time, also, science lias been more 
careful in taking time hy the forelock. The first hints 
of her requirements were heard some fourteen years 
ago, when the Astronomer-Koyal began that process 
of laborious inquiry which a question of this sort neces- 
sarily demands. Gradually, her hints became more 
and more plain-spoken ; insomuch that Mr. Airy — her 
mouth-piece in this case — stated definitely, a few months 
ago, what he thought science had a right to claim from 
England in this matter. "When the claim came before 
our government, it was met with a liberality which 
was a pleasing surprise after Mr. Lowe's placid refer- 
ence of scientific people to their own devices. The 
sum of ten thousand live hundred pounds has been 
granted to meet the coat of several important and well- 
appointed expeditions ; and doubtless further material 
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aid Avill be derived from the various government ob- 
servatories. 

And now let as inquire why so mucli interest is at- 
tached to a pheiiomeaon which appeal's, at first eight, 
to be so insignificant. Transits, eclipses, and other 
phenomena of that nature, are continually occurring, 
without any particular interest being attached to them. 
The telescopist may see half a dozen such phenomena 
in tJie course of a night or two, by simply watching 
the satellites of Jupiter, or the passage of our moon 
over the stars. Even the great eclipse of 1868 did 
not attract so much interest as the coming transit of 
Venus, yet that eclipse had never been equalled in im- 
portance by any which has occurred in historic times, 
and hundreds of years must pass before such another 
happens, whereas transits of Venns are fir from being 
so uncommon. 

The fact, is, that Venus gives us the best means wo 
have of mastering a problem which is one of the most 
important within the whole range of the science of 
astronomy. "We use the term important, of course, 
with reference to the scientific significance and interest 
of the problem. Practically, it, matters little to ns 
whether the sun is a million of miles or a thousand 
millions of miles from ns. The subject must in any 
case be looked upon as an extra-paroehial one. But 
science does occasionally attach immense interest to 
extra-parochial subjects. And this is neither nnwiso 
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nor nil reason able, since we find implanted in our very 
nature — and not merely in the nature of scientific men 
— li (juality wliich causes us to take interest in a variety 
of matters that do not in the least concern our personal 
interests. Nor is this quality, rightly considered, one 
of the least noble characteristics of the human race. 

That the detennination of tlie sun's distance is im- 
portant, in an astronomical sense, -will be seen at once 
when it is remembered that the ideas we form of the 
dimensions of the solar system are wholly dependent 
on onr estimate of the sun's distance. Nor can we 
gauge the celestial depths with any feeling of assur- 
ance, inile^ we know the true length of that which is 
our sole measuring-rod. It is, in fact, our basis of 
nieafiiirement for the whole visible universe. In some 
respects, even if we knew the sun's distance exactly, 
it would still be an unsatisfactory gauge for the stellar 
depths. But that is the misfortune, not the fault of 
the astronomer, who must be content to use the meaa- 
uring-rod whicli Nature gives him. All he can do is 
to. find out as nearly as he can its true length. 

When we come to consider bow the astronomer is 
to determine this very element— the sun's distance — we 
find that lie is hampered with a difliculty of precisely 
the same character. 

The sun being an inaccessible object, the astronomer 
can apply no other methods to determine its distance- 
directly — than those which a surveyor would use in 
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determining the distance of an inaccessible castle, or 
rock, or tree, or the like. We shall see presently that 
the ingenuity of astronomei's has, in fact, suggested 
some other indirect methotb. But clearly the most 
satisfactory estimate we can have of the sun's distance 
is one founded on such simple notions and involving in 
the main such processes of calculation as we have to 
deal with in ordinary surveying. 

There is, in this respect, no mystery about the so- 
lution of the famous problem. Unfortunately, there is 
enormous difSculfy. 

"When a surveyor has to dctei'miiie the distance of 
an inaccessible object, he proceeds in the following 
manner : He lirst very carefully measures a base-line 
of convenient length. Then from either end of the 
base-line he takes the bearings of the inaccessible ob- 
ject — that is, he observes the direction in which it lies. 
It is clear that, if ho were now to draw a figure on 
paper, laying down the base-line to some convenient 
scale, and drawing lines from its ends in directions 
corresponding to the bearings of ttie observed object, 
these lines woidd indicate, by their intersection, the 
true relative position of the object. In practice, the 
mathematician does not trust to so rough a method as 
construction, hut applies proc^sea of calculation. 

ITow, it is clear that in this plan every thing de- 
pends on the base-line. It must not be too short in 
comparison with the distance of the inaccessible object ; 
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for tlien, if we make the least error in observing the 
bearings of the object, we get an important error in 
the resulting determination of the distances. Tlic 
reader can easily convince liimself of tliis by drawing 
an illustrative case or two on paper. 

The astronomer has to take bis base-line for deter- 
mining the sun's distance, upon onr earth, wliich is 
quite a tiny speck in comparison witli the v^t distance 
wliich separates us from the sun. It had been found 
difficult enougli to determine the moon's distance with 
such a short base-line to work from. Bnt the moon is 
only about a quarter of a million of miles from us, 
while the sun is more than ninety millions of miles off. 
Tims the problem was made several hundred times 
more difficult — or, to speak more correctly, it was 
rendered simply insoluble unless the astronomer could 
devise some mode of observing which should vastly 
enhance the power of !iis instruments. 

For, let us consider an illustrative case. Suppose 
there were a steeple live miles off, and we had a base- 
line only two feet long. That would correspond as 
nearly as possible to ttie case the astronomer has to 
deal with. Now, what change of direction could be 
observed in tlie steeple by merely shifting the eye 
along a line of two feet ? There is a ready way of 
answering. Invert tlie matter. Consider what aline 
of two feet long would look like if viewed from a dis- 
tance of five miles. Would its length be appreciable, 
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to saj nothing of its being measurable ? Yet it is just 
eucli a problem as the ineasHrement of tliat line wliicb 
tlie astronomer would liave to solve. 

But even this is not all. In our illustration only 
one observer is concerned, and he would be able to use 
one set of instruments. Suppose, however, that from 
one end of the two-feet line an observer using one set 
of instruments took the bearing of the steeple ; and 
that, half a year after, another observer brought an- 
other set of instruments and took the bearing of the 
steeple from the other end of the two-feet line, is it not 
obvious how enormously the uncertainty of the result 
would be increased by such an arrangement as this ? 
One observer would have his own peeuhar powei's of 
observation, his own peculiar weaknesses; the other 
would have different peculiarities. One set of instru- 
ments would be characterized by its own faults or 
merits, so would the other. One series of observa- 
tions would be made in summer, with all the dis- 
turbing effects due to heat ; the other would be made 
in winter, with all the disturbing effects duo to 
cold. 

The observation of the sun is characterized by all 
these difficulties. Limited to the base-lines he can 
measure on earth, the astronomer must set one ob- 
server in one hemisphere, another in the other. Each 
observer must have his own set of instruments; and 
every observation which one has made in wuiiimcr wiil 
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liave to be compared with an observation wliicli the 
other has made in winter. 

Thus we can understand that astronomers eliould 
have failed totally when they attempted to determine 
the sun's distance without aid from the other celestial 
bodies. 

It may seem at first sight as though nothing the 
other celestial bodies could tell the astronomer would 
be of the least use to him, since these bodies are for 
the moat part farther off than the sun, and even those 
■which approach nearest to us are still far beyond the 
limits of distance within which the simple plan fol- 
lowed by surveyors could be of any service. And 
besides, it might be supposed that information about 
the distance of one celestial body could be of no partic- 
ular service toward the detennination of the distance 
of another. 

But two things aid the astronomer at this points 
First of all, he has discovered the law which associates 
together the distances of all the planets from the sun ; 
BO that if he can detei-mine the distance of any one 
planet he leams immediately tlie distances of all. Sec- 
ondly, the planets in their motion travel occasionally 
into such positions that they become mighty indices, 
tracing out on a natural dial-plate the significant les- 
son from which the astronomer hopes to learn so much. 
To take an instance from the motions of another planet 
thnn the one we are dealing with. Mars comes some- 
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times so near tlie earth tliat the distance separating U3 
from liim is little more than one-third of that wliich 
separates ns Irom the sun. Suppose that, at such a 
time, he is seen quite close to a fixed star. Tliat star 
gives the astronomer powerful aid in determining the 
planet's distance. 'For, to observers in some parts of 
the earth, the planet will seem nearer to the star than 
he will to observers elsewhere. A careful comparison 
of the effects thus exhibited will give significant evi- 
dence respecting the distance of Mars, And we see 
that the star has served as a fixed mark upon the vast 
natm'al dial of the heavens, jnst as the division-marts 
on a clock-face sei-ve to indicate the position of the 
hands. 

I^ow, we can at once see why Venus holds so im- 
portant a position in tliia sort of inquiry. Yenus is 
our nearest neighbor among the planets. She comes 
Several millions of miles nearer to us than Mai^, our 
next neighbor on the other side. That is the primary 
reason of her being so much considered by astronomers. 
But there is another of equal importance. Venus 
travels nearer than our earth to the sun. And thus 
there ai-e occasions when she gets directly between the 
earth and the sun. At those times she is seen upon 
his face, and his face serves as a dial-plate by which to 
measure her liiovements. "When an obseiTcr at one 
part of the earth sees her on one part of the sun's face, 
another observer at some other part of the earth will 
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see her on another, and tlie difference of position, it' 
accurately nieasui-cd, would at once indicate the sun's 
distance. Aa a matter of fact, other modes of reading 
off tlie indications of the great dial-plate have to be 
adopted. Before proceeding to consider those modes, 
however, we must deal with one or two facts about 
Yenns's movements which largely affect the question 
at iisue. 

Let Tis first see M'hat wo gain hy considering tlie 
distance of Venus rather than that of the sun. 

At the time of a transit Yenus is of course on a line 
between the earth and the eiin, and she is at somewhat 
lees than a third of the smi's distance from us. Tlius 
whatever effect an observer's change of place would 
produce upon the sun would be more thau trebled in 
the ease of Venus. But it must not ho forgotten that 
we are to judge the motions of Venus hy means of the 
dial-plate formed by the solar disk, and that dial-plate 
is itself shifted as the observer shifts his place. Venus 
is shifted three times as much, it is true; hut it is only 
the balance of change that our astronomer can rec- 
ognize. That balance is, of course, rather more than 
twice as great as the sun's change of place. 

80 far, then, we have not gained much, since it has 
been already mentioned that the sun's change of place 
is not measurable hy any process of observation astron- 
omers can apply. 

It is to the fact that we have the sun's disk whereby 
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to measure tlie change that we must chiefly trust ; and 
even that would be insufficient were it not for the tiict 
that Venus is not at rest, bnt travels atliwart the great 
solar dial-plato. "VVe are thus enabled to make a time 
measurement take the place of a measurement of space. 
If an observer in one place sees Venus cross the sun's 
face at a certain distance from the centre, while an 
observer at another place sees her follow a patb slight- 
ly farther from the centre, the transit will clearly seem 
longer to the former observer than to tlie lattei-. 

This artifice of exchanging a measurement of time 
for one of space — or vice versa — is a very common 
one among asironomers. It was Edmund Halley, the 
friend and pupil of Sir Isaac Newton, who suggested 
its application in the way above described. It will be 
noticed that what is required for the successful. appli- 
cation of the method is that one set of observers should 
he as far to the north as possible, another as far to the 
south, so that the path of Venus may he shifted as 
much as possible. Clearly the northern observers will 
see her path shifted as much to the south as it can pos- 
sibly be, while the southern observers will see the path 
shifted as far as possible toward the north. 

One thing, however, is to be remembered, A 
transit lasts several hours, and our observers must be 
so placed that the sun will not set during these houi-e. 
This consideration sometimes involves a difficulty. 
T"or onr earth docs not supply observing room all over 
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her surface, and the very region -where observation 
would be most serviceable may be covered by a widely- 
extended ocean. Then, again, the observing parties 
are being rapidly swayed round by the rotating eartli ; 
and it is often diffienlt to fix on a spot which may not, 
through this cause, be shifted from a favorable posi- 
tion at the beginning of the transit to an unfavorable 
one at the end. 

Without entering on all the points of diificulty in- 
volved by such considerations as these, we may simply 
indicate the fact that the astronomer has a problem of 
considerable complexity to solve in applying Halley's 
mode of observation to a transit of Yenus. 

It was long since pointed out by the French as- 
tronomer Delisle that the subject may be attacked 
another way— that, in fact, instead of noticing how 
much longer the transit lasts in some places than in 
others, the astronomer may inquire how much earlier 
it begins or ends in some places than in others. 

Here is another artifice, extremely simple in prin- 
ciple, though not altogether so simple in its applica- 
tion. Our readers must bear with us while we briefly 
describe the qualities of this second method, becanse in 
reality the whole qnestion of the transit and all the 
points which have to be attended to in the equipment 
and placing of the various observing parties depend 
on these preliminaiy matters. "Without attending to 
them — or at least to such primai'y points as we shall 
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select — it would ha impossible to form a clear eon- 
ceptiou of the eireumstanees with which astronomei-a 
are about to Jcal. There is, however, no real diffi- 
culty about this part of the subject, and we shall only 
ask of the reader to give his attention to it for a very 
brief space of time. 

Suppose the whole of that hemisphere of the earth 
on which the sun is shining when the transit is about 
to begin were covered with observers waiting for the 
event. As Yenus sweeps rapidly onward to the criti- 
cal part of her path, it is clear that some of these ob- 
servers will get an earlier view of the commencement 
of the transit than others will ; just as at a boat-race, 
persons variously placed round a projecting corner of 
the course see the leading boat come into view at 
diiferent times. Some one observer on the outer rim 
of the hemisphere would be absolntely the first to see 
the transit begin. Then rapidly other observers would 
see the phenomenon ; and in the course of a few 
minutes some one observer on the outer rim of the 
hemisphere — almost exactly opposite the first — would 
be absolntely the last to see the transit begin. From 
that time the transit would be seen by all for several 
hours — we neglect the earth's rotation, of course — but 
the end of the transit, like the beginning, would not 
be seen simultaneously by the observers. First one 
would see it, then in succession the rest, and last of 
all an observer almost exactly opposite the first. 
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llfow, Iiere we have bad to consider four observers 
who occupy exceptional positions. There is (1) the 
observer who sees the transit begin earliest, (2) the one 
who sees it begin latest, (3) the one who sees it end 
earliest, and (4) the one who sees it end latest. Let 
us consider the first two only. Suppose these two 
observers afterward compared notes, and found out 
what was the exact diii'erenco of time between -their 
respective observations. Is it not clear that the result 
would at once afford the means of determining the 
sun's distance ? It would be the simplest of all possi- 
ble astronomical problems to determine over what pro- 
portion of her orbit Venus passed in the interval of 
time which elapsed between these observations ; and 
the observers would now have learned that that por- 
tion of Tenus's orbit is so many miles long, for they 
know what distance separated them, and it would be 
easy to calculate how much less that portion of 
Venns's orbit is. Thus they would learn what the 
length of her whole orbit is, thence her distance from 
the sun, and thence the sun's distance from us. 

The two observers who saw the transit end earliest 
and latest could do the like. 

Speaking generally, and neglecting all the com- 
plexities which delight the soul of the astronomer, this 
is Delisle's method of utilizing a transit. It has obvi- 
ously one serious disadvantage as compared with the 
other. An observer at one side of the earth has to 
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bring his observations into comparison with tliose 
made by an observer at the other side of the earth. 
Each uses the local time of the place at which lie ob- 
serves, and it has been calculated that for the result 
to be of valne tliere must not be an eiTor of a single 
second in their estimates of local time. Now, does the 
reader appreciate the fall force of this proviso? Each 
observer must know so certainly in what exact longi- 
tude he is, that his estimate of the time when true noon 
occurs shall not be one second wrong! This is all 
satisfactory enough in places where there are regular 
observatories. But matters are changed when we are 
dealing with such places aeWoahoo, Kerguelen Land, 
Chatham Island, and the wilds of Siberia. 

Here, however, as in so many other eases, the' as- 
tronomer must take what he can get and be thankful. 
If Nature insists on not revealing her secrets unless 
astronomers will betake themselves to all manner of 
desert and uncanny places, all astronomers can do is 
to face with boldness the difficulties thus placed in 
their way, and to do their utmost to bring them into 
complete subjection. 

In the coming transit thei-e are many such diffi- 
culties to be encountered. In fact, it is almost impos- 
sible to conceive a transit the circumstances of which 
are more inconvenient. On the other hand, however, 
the transit is of such a nature that if once the prelimi- 
nary difficulties are overcome, we can hope more from 
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ita indications tlian from those of any other transit 
"which will happen in the course of the next few eon- 
turioa. 

The transit will hegin earliest for ohservers in the 
neighborhood of the Sandwich Islands, latest for ob- 
servers near Crozet Island, far to the soatLeast of 
the Cape of Good Hope, It ends earliest for observers 
I'ar to the southwest of Cape Horn, latest for obacrvGrs 
in the northeastern parts of European Russia, Thus 
\ye see that, so far as the application of our second 
method is concerned, the suitable spots are not situated 
in the most inviting regions of the earth's surface. 
As the transit happens on December 8, 1874, tlie 
principal northern stations will be very blealc abodes 
for the observers, -The southern stations are in jet 
more dreary regions — notwithstanding the fact that 
the transit occnrs during the summer of the southern 
hemisphere. 

Tor the application of Halley's method we require 
stations where the whole transit will be visible, and, as 
the days are very short at the northern stations in 
December, it is as respects these that we encounter 
most difficulty. However, it has been found tliat 
many places in ITorthern China, Japan, Eastern Si- 
beria, and Mantchooria are suitable for the purpose. 
The beet southern stations for this method lie, unfor- 
tunately, on the unexplored Antarctic Continent and 
the islands adjacent to it; but Crozet Island, Ker- 
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guelen Land, and some other places more easy of access 
tlian tlie Antarctic Continent, will serve very well. In- 
deed, England has so many stations to occupy else- 
where that it is douhtful whether she will care to 
undertake the dangerous and difficult task of exploring 
the Antarctic wastes to secure the best southern sta^ 
tions. The work may fairly be left to other nations, 
and doubtless will he efficiently carried out. 

"What England will actually undertake has not yet 
been fully decided upon, "We may be qaite certain 
that she will send out a party to Woahoo or Hawaii 
to observe the accelerated commencement of the transit. 
She will also send observers to watch the retarded 
commencement, but whether to Crozet Island, Ker- 
guelen Land, Mauritius, or Kodriguez, is uncertain. 
Possibly two parties will be sent out for this purpose, 
and most likely Crozet Island and Mauritius will ho 
the places selected. It had been thought until lately 
that the sun would be too low at these places when the 
transit begins, hut a more exact calculation of the 
circumstances of the transit has shown this to he a 
mistalie. Both Crozet Island and Kerguelen Laud are 
very likely to be enveloped in heavy mists when the 
transit begins— that is, soon after sunrise — hence the 
choice of iHauritius or Rodriguez as a secondary 
station. 

England will also he called on to take an important 
part in observing the accelerated end of the transit. 
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A party will probably be sent to Cliatliam Island or 
Campbell Island, not far from New Zealand. It had 
been thought that at the former island the sun would 
be too low ; hut here, again, a more exact consideration 
of the circumstances of the transit has led astronomers 
to the conclusion that the sun will be quite lii<:;Ii 
enongh at this station. 

The Kusaian observers are principally concerned 
with the observation of the retarded end of the transit, 
nearly all the beat stations lying in Siberia. But 
there are several stations in British India where this 
phase can be very usefully observed ; and doubtless 
the skilful astronomers and mathematicians who are 
taking part in the survey of India will bo invited — 
as at the time of the great eclipse — to give their ser- 
vices in the cause of science. Alexandria, also, though 
inferior to several of the Indian stations, will probably 
be visited by an observing party from England. 

It will be seen that England will thus be called on 
to supply about half a dozen expeditions to view the 
ti'ansit. All of these will be sent out in pursuance of 
Delisle's mode of utilizing a transit, so that, for reasons 
already referred to, it will be necessary that they 
should be provided with instruments of the utmost 
delicacy, and very carefully consti'ucted.* They will 

* It 1h heW to he of tTie Titmoat importance tliat all the obaepriiig 
piivties slioiild uao similtii' talcseopes. It would be well if tlio clnas of 
teluscopo eelcctcd ivcie JJrowniDg's Bk-iacli reflectors. 



,db, Google 



64 LIGHT SCIENC:E TOR LEIStJRE HOURS. 

have to remain at tlieir several stations for a long time 
before the transit takes place — several months, at least 
— so that they may accurately determine the latitude 
of the temporary observatories they will erect. This 
is a -work requiring skilled observers and recondite pro- 
cesses of calculation. Hence it ia that the cost of 
sending out these observing parties ia so considerable. 

The only Enghsh party which will apply Halley's 
method of observation is the one which will be sta- 
tioned at Crozet Island or Kergnelen Land. This part 
of their work will be comparatively easy, the method 
only requiring that the duration of the transit should 
be carefully timed. In fact, one of the great advan- 
tages of HaUey's method is the smallness of the ex- 
pense it involves. A party might land the day before 
the transit and sail away the day after, with results at 
least as trustworthy as tliose which a party applying 
Delisle'a metliod could obtain after several months of 
hard work. It is to this, rather than any other cause, 
that the small expense of the observations made in 1769 
is to be referred. And doubtless had it been decided 
by our astronomical authorities to apply Ilalley'a 
method solely or principally, the expense of the transit- 
observations would have been materially lessened. 
Thero would, however, have been a risk of failure 
through the occurrence of bad weather at the critical 
stations; whereas now — as other nations will doubt- 
less avail themselves of HaUey's method — the chance 
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that the transit-observations will fail throngli meteoro- 
logical causes is veiy largely diminished. Science will 
owe much to the generosity of England in this respect. 

It is, indeed, only recently that the possibility of 
applying Ilalley's method has been recognized. It 
had been thought that the method must fail totally in 
187i. But on a more careful examination of the cir- 
cumstances of tlie transit, a Trench astrouomer, M. 
Puiseux, was enabled to annoimce that this ia not the 
case. Almost simultaneously the present writer pub- 
lished calculations pointing to a similar result ; but 
having carried the processes a few steps further than 
M. Puiseux, he was able to show that HaUey's method 
is not only available in 18Ti, l)nt is the more powerful 
method of the two. 

Unfortunately, there is an element of doubt in the 
inquiry, of which no amount of care on the part of our 
observers and mathematicians will enable them to get 
rid. "We refer to the behavior of Venus herself. It 
is to the peculiarity we are now to consider that the 
quasi-faihire of the observations made in 1769 must 
be attribnted. It is true that Mr. Stone, the eminent 
first-assistant at the Greenwich Observatory, has man- 
aged to remove the greater part of the doubts which 
clouded the results of those observations, Eut not 
even his skill and patience can serve to remove the 
hlot which a century of doubt has seemed to throw 
upon the most exact of thy sciences. We shall now 
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show how uiucli of the blame of that unfortunate cen- 
tury of doubt is to be ascribed to Venus. 

At a transit, astronomei'S confine their attention to 
one pai'ticular phase — the moment, namely, when 
Venus just seems to lie ■wholly within the outline of 
the sun's disk. This at least was what Halley aud 
Delisle both suggested as desirable. Unfortunately, 
Venus had not been consulted, and when the time of 
the transit came she declined to enter upon or leave 
the sun's face in the manner suggested by the astrono- 
mers. Consider, for example, Iior conduct wiioit en- 
tering on the sun's face : 

At iirst, as the black disk of the planet gradually 
notched the edge of the sun's disk, all seemed going on 
well. But when somewhat more than half of the 
planet was on the sun's face, it began to be noticed 
that Venus was losing her rotundity of figure. She 
became gradually more and more pear-shaped, until at 
last she looked very much like a peg-top toucliing with 
its point the edge of the sun's disk. Then suddenly — 
" as by a lightning-flash," said one observer— the top 
lost its peg, and then gradually Venus recovered her 
figure, and the transit proceeded without further 
change on her part until the time came for her to 
leave the sun's face, when similar peculiarities took 
place in a reversed order. 

Here was a serious difSculty indeed. For when 
was the moment of true contact ? "Was it when the 
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peg-top figure eeemed just to toucli the edge of the 
sun? TbJB eeemed unlikely, because a moment after 
the planet waa seen well removed from the sun's edge. 
Waa it when the rotund part of the planet belonged 
to a figure whieh would have touched the sun's edge 
if the rotundity liad been perfect elsewhere ? Thia, 
again, seemed unlikely, because at this moment the 
hlaek band connecting Yenus and the sun was quite 
wide. And, besides, if this were the true moment of 
contact, what eye could be trusted to determine the 
occurrence of a relation so peculiar ? Yet the interval 
between this pliase and the final or peg-top phase 
lasted several seconds — as many as twenty-two in one 
instance in 176& — and the whole success of the obser- 
vation depended on exactness within three or four sec- 
onds at the outside. 

We know that Yenus will act in precisely the same 
manner in 1874, If we had been induced to hope that 
improvement in our telescopes would diminish the 
peculiaiity, the observations ot the transit of Mercury 
in ^November, 1868, would have suJHeed to destroy that 
hope, for, even with the all but perfect instruments of 
the Greenwich Observatory, Mercury assumed the peg- 
top disguise in the moat unpleasing manner. 

It may be asked, then, What do astronomers pro- 
pose to do in 1874 to prevent Venus from misleading 
tliem j^ain as she did in 1769 ? JIueh has already 
been done toward tins end. Mr. Stone undertook a 
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series of careful researelies to determine the law accord- 
ing to which Venus may be expected to behave or to 
misbehave herself; and the result is, that he has been 
able to tell the observers exactly what they will have 
to look for, and exactly what it is most important that 
they should record. In 1769, ohservers recorded their 
observations in such doubtful terms, owing to their 
ignorance of the real significance of the peculiarities 
they -witnessed, that the mathematicians who had to 
make use of those observations were misled. Sine 
iTke lacrym<E. Hence it is that an undeserved reproach 
has fallen upon the " exact science." 

The amount of the error resulting from the mis- 
interpretation of the observations made in 1769 was, 
however, very small indeed, when its true character ia 
considered. It is, indeed, easy to make the error seem 
enormous. The sun's distance came out some four 
millions of miles too large, and that seems no trifling 
error. Then, again, the resulting estimate of the dis- 
tance of Keptune came out more than a hundred mill- 
ion miles too great ; while even this enormous eiTor 
was as nothing when compared with that which re- 
sulted when the distances of the fixed stars were con- 
sidered. 

But this is an altogether en-oneous mode of esti- 
mating the eftect of the error. It would be as absurd 
to count up the number of hairs' breadth by which the 
geographer's estimates of the length and breadth of 
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England may "bo in error. In all snch jnattera it is 
relative and not absolnte error we liave to consider, 
A microscopist would liave made a bad mistake who 
should over-estimate the length of a fly's pi'oboscia hy 
a single hair's breadth ; but the astronomer had made 
a wonderfully successful measurement of the sun's dis- 
tance who deduced it within three or four milUons of 
miles of the true value. For it is readily calculable 
that the error in the ^timated relative bearing of the 
sun as seen from opposite sides of the earth coiTesponds 
to the angle which a hair's breadth subtends when seen 
from a distance of 125 feet. 

The error was iirst detected when other modes of 
determining the san's distance were applied by the 
altilful astronomers and physicists of our own day. 
"We have no space to describe as fully as they deserve 
the ingenious processes by which the gi-eat problem 
lias been attacked without aid from Venus. Indeed, 
we can but barely mention the principles on which 
those methods depend. Bat to the reader who takes 
interest in astronomy, we can recommend no subject 
as better worth studying than the masterly researches 
of Foucault, Leverrier, Stone, and Hansen, iipon. the 
jiroblem of the sun's distance. 

The problem has heen attacked in four several ways. 
First, the tremendous velocity of light has been meas- 
ured by an ingenious an'angement of revolving mir- 
rors ; the result combined with the known time oocu- 
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pied ty light in travelling across the earth's orbit 
immediately gives the sun's distance. Secondly, a 
certain irregularity in the moon's motion, due to the 
fact that she is most disturbed by the snn when ti-av- 
ersing that half of her path which is nearest to hira, 
was pressed into the service with similar results. 
Thirdly, an irregulai'ity in the earth's motion, due to 
the fact tliat she circles around the common centre of 
gravity of her own mass and the moon's, was made a 
means of attacking the problem. Lastly, Mars, a 
planet which, aa we have already mentioned, approaches 
us almost as nearly as Venus, was found an efficient 

ally. 

The i-esult of calculations founded on these methods 
showed that the sun's distance, instead of being about 
95,000,000 miles, is little more than 91,500,000 miles. 
And recently, by a careful reexamination of the ob- 
servations made upon Venus in 1769, Mr, Stone has 
shown that they point to a similai" result. 

Doubtless, however, we must wait for the transit of 
Venus in 18T4 before forming a final decision as to the 
estimate of the sun's distance which is to talie its place 
in popular works on astronomy during the next cen- 
tury or BO. Nothing but an unlooked-for combination 
of unfavorable circumstances can cause the failure of 
our hopes. Certainly, if we should fail in ohtaininp; 
satisfactory results in 187i, the world will not say that 
the generosity of the English Government lias been in 
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fault, eince it -wonld be difficult to find a pai-allel in the 
history of modem science to the mtiniiicence of the 
grant which has been made this year for expeditions 
to ohserve a phenomenon whose interest and impor- 
tance are pnrely Bcientifio. 

(Fvcm S. FauVs, October, 1800.) 



RECENT SOLAIi RESEABCITES. 

Since the great eclipse of August, 1868, onr knowl- 
edge respecting the constitution of the sun has been 
steadily progressing. One discovery after another has 
been made, and there really seems to be no reason for 
believing that we have as yet nearly reached the limits 
of the knowledge which spectroscopic analysis is capable 
of supplying. Indeed, the invention of a new form of 
spectroscope — the ingenious automatic spectroscope of 
Mr. Browning — promises soon to be rewarded by a 
series of discoveries as important as any which have 
hitherto been made. We propose briefly to indicate 
the present position of onr knowledge respecting the 
great central luminary of our system. 

The spectroscopic observation of the eclipse of 
August, 1868, had shown that the strange prominences 
seen during total eclipses of the snn are vast masses of 
luminous vapor — hydrogen -flames, we may call them, 
considering how largely hydrogen enters into their 
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constitution. Only Vfc must remember tliat it ia hy- 
drogen glowing from intensity of heat simply, and not 
burning hydrogen, that constitutes these prominences. 
Now, it had long been recognized that the colored 
prominences spring from an envelope of a similar na- 
ture surrounding the whole surface of the sun. Father 
Seeclii, of tho Oollegio Bomano, in a lecture given to 
the pupils of the Ilcole Ste. Genevieve, had thus in 
1867 described this envelope (whose existence he was 
the first to recognize) : " The observation of eclipses 
furnishes indisputable evidence that the sun is really 
surrounded by a layer of red matter, of which we com- 
monly SCO no more than the most elevated points." 
One of the first and most interesting results of the 
eclipse-observations was Mr. Lockyer's confirmation of 
the justice of this opinion. He and Jannsen had inde- 
pendently shown that the existence of prominences can 
be recognized when the sun is not eclipsed ; and the 
same method supplied clear evidence of the existence 
of this red envelope, to which Mr. Loekyer gave the 
name of the chromosphere. Eemembering who first 
indicated its existence as " indisputable," we may con- 
veniently call it Secchi's chromosphere. {Sec nole at 
the eud of this paper.) 

Eoth the chromosphere and the prominences consist 
of glowing vapor. But there is a difference in their 
constitution. In the prominences there are usually but 
very few constituent vapors. Hydrogen is there, and 
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anotlier vapor, whose nature is a3 yet iin determined, 
while occasionally there are the vapors of other ele- 
ments. But in tlie cliromosphere there are commonly 
several elements, and sometimes there are many. 

Here, then, we have above the photosphere of the 
sun a vaporous envelope, obviously of a complicated 
structure, and perhaps fai'more complicated than it has 
yet been proved to he. For it must he remembered 
that the lowest layers of this envelope might be com- 
posed of the vapors of numerous elements, and yet no 
record of their existence be recognized. A depth of 
ten miles would con-espond to so small a portion of 
the sun's diameter (about the 85,000th part) as to be 
wholly unrecognizable by any telescopic power men 
can hope to obtain. If any of our readers are telesco- 
pistB, they will know what force lies in the remark that 
such a distance would subtend about the 44th part 
of a second of arc, so that no less than twenty-six such 
distances could be placed between the components of 
that well-known test-object, the double companion of 
the star Gamma Andromeda.* 

l^ext below this colored envelope there is the 
mottled photosphere, either a white-hot surface with 

* The riew here presented was completely confirmed during tlie 
eclipse of last Decemljer. Frofessoc Young and Mr. Pye independeatly 
recognized a layer whose spectrum showed ail the Fraunhofer hiiea 
reversed. By observing at the place where the mooD had just concealed 
the U»t Gne sickle of the solar disk, they obviated the effects of diffrac- 
tion wh ih render tlio observation wholly impossible in tho ease of llio 
onetlip el un. 
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relatively davk poi'ca all over it, or, according to other 
and better authorities, a surface of white-!iot spots 
spread over a relatively dark bajjlcgroimd. Here we 
are describing merely its appearance ; what the con- 
stitution of this surface may in reality be remains yet 
to be determined. 

Beneath the photosphere there are vast depths of 
vapor, for when the photosphere is broken through 
where spots are formed, the spectroscope tells us tbat 
the relatively dark regions thus disclosed are filled 
with the vapore of various elemente. "VVe know that 
the dark lines which cross the rainbow-tinted solar 
spectrnm are caused by the ligbt-absorbing action of 
the vapors ■which surround the sun, and these lines 
are seen more distinctly in the spectrum of a sun-spot 
than in that of the photosphere. 

Now, it is worthy of notice tbat all that has thus far 
been discovered tends to confii-m tlie theroy jjut for- 
ward neaily a century ago by Sir William Herschel. 
That thoughtful observer recognized in the solar pho- 
tosphere a widely-extended layer of luminous clouds, 
while be regarded the light of the penumbrfe of sun- 
spots as coming from a lower cloud-layer. He con- 
ceived that up-rushes of vapor, thrusting aside both 
layers, caused the appearance of a solar spot. "We have 
heard a great deal lately of the English and Conti- 
nental theories of the solar constitution ; but the 
evidence we liave recently obtained goes i'av to show 
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that, after all, Sir "William Ilerseliel, without die aid 
of spectroscope or polariscope, formed a jiister view of 
the solar constitution than any -which has been recently 
propounded. He was doubtliss mistaken in the view 
(which he put forward as a mere hypothesis) that the 
real surface of the sun may be not very intensely 
heated. We have every reason to believe that the 
whole mass of the sun is raised to an inconceivable 
degree of heat. But for the rest, there seems far more 
reason to believe in Sir William Uerschel's cloud- 
layer theory than in any other which has been put 
forward in recent times. 

Let us consider some of the consequences of such a 
constitution. Imagine the ascent of vapors of many 
elements from the fluid surface of the solar oceans. 
This mixed atmosphere is in reality aglow with the 
intensest heat and light, so that, if we could examine 
its spectrum separately, we should see the bright lines 
of the various vaporous elements which constitute it. 
But intensely hot as it is, it must yet be less hot than 
the surface from which it has risen, because the forma- 
tion of vapors is a process in which heat is iised up. 
And therefoi-e, by a well-known law, the spectrum of 
the light from the white-hot surface shining through 
the atmosphere will be a rainbow-tinted streak, crossed 
by the dark lines corresponding to the various elements 
composing that atmosphere. But as tJie lighter vapoi^ 
in this mixed atmosphere ascsnd, they reach a region 
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of less pressure, and a region where tliej can part more 
freely with their heat. Thus, precisely as the eumulus- 
clonds form in our own atmosphere, bo -would a layer 
of clouds be formed somewhat low down in the solar 
atmosphere. But from the upper surface of this layer 
the vapors of tlie elements composing the clouds would 
rise, again to condense at a higher level, much as the 
light cirrus-ciouds in our own atmosphere form at a 
great height above the layer of cumulus-clouds. 

The great difference between this process and what 
takes place in our own atmosphere would consist in 
the fact, that whereas the only kind of cloud which can 
form in our air is a water-cloud, there can be formed in 
tlie solar atmosphere clouds of iron, copper, zinc, and 
other such elements, each element having its own 
distinct range, so to 'speali, within the limits of the 
solar atmosphere. 

Ilfow, with such processes as these going on, we can 
conceive how rashes of heated gas might from time to 
time thrust aside the cloud-layers ; and how where this 
happened we should occasionally recognize the bright 
lines corresponding to the more intensely-heated gas, 
as well as the dark lines corresponding to the deep 
vapor-masses laid bare by the removal of the photo- 
sphere. And precisely in tins way do the observations 
recently made by Mr. Lockyer seem alone to be expli- 
cable. He sees the glowing vapors above the photo- 
sphere stirred from time to time as by fierce tempests— 
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nay, lie is enabled to measure (very rougblj, of course) 
the velocity ■with which these solar winds urge their 
way through the chromosphere itself, in the neighbor- 
hood of these spots. The progress of these hun-icanes 
is often indicated by the appearance of bright lines in 
those parts of the spectrum where usually dark lines 
are seen. 

Truly KirchliofE's discovery of the signiiicance of the 
spectral lines is bearing wonderful fruit ! Who would 
have thought that researches carried on with a few 
triangular prisms of glass on the light from such a 
substance as sodium, the basis of our commonplace 
soda, would lead to the result that solar tornadoes 
could be watched as readily with the spectroscope as 
in Galileo's time the sun-spots themselves could be 
traced across the sun's disk with the telescope ? * 

(From the ffjiecMor for Julj 2, 1810,) 

*I give this paper as it appeared in tbe Spectator. But there are 
some poinia requiring correclioii. In the first place, the objectionable 
need thromospliere (for chromatesphere) should be replaced by sierra. 
Seoondlj, there is an error as to the absolute priority of Seochi in recog- 
niang the sierra. He went considerably beyond all others in the matter, 
having not only reasoned upon, but seen and photographed the sierra, 
and having fnrthenoore fonnd evideneo as to its nature when studying 
Bun-apots, But Profesaora Grant and Swan, as well as Von Littrow, tlie 
Impeiial Astronomer of Anstria, bad recognized the existence of the 
sierra before Seochi, and Levemerhad also independently arrived at the 
same conclusion as Secohi, and at about the same time. I bad not known 
of some of these eJaima and had forgotten others when I wrote the above 
paper. This will scarcely seem surprising when it is remembered that 
the views of Grant, Swan, Von Litti'ow, and Leverrier, had notbeenmade 
widely public— as Becchi's had—bj being published in popular treatises 
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aOVEBMMENT AID TO SCIENCE. 

Among the CLneationa whicli will occupy tlie atten- 
tion of tlie new Parliament, we think we may eafely 
include, in anticipation, the subject of State inter- 
vention to secure the progress of physical science.* It 
will be remembered that this sabjeet was brought be- 
fore the notice of the British Association, at its recent 
meeting, by Lieutenant-Colonel Strange, and a com- 
mittee — including the names of Professors Sir William 
Thomson, Tyndall, Frankland, "Williamson, Stokes, 
Fleming, Jenkins, Hirst, and Huxley, Messrs. Glaisher 
and Hugging, and Drs, Stenbouse, Balfour Stewart, 
and Mann — was appointed to consider and report upon 
the subject. Science has now reached a peculiar stage 

and in lectures. It was irith some sarprLee, therefore, that I found my- 
Bolf charged, not only with ignorance, but, incongruouslj enough, ivitli 
injustice also, by a fellow-worker in SEtronouij', who addressed a letter 
to the editor of the Speetai^r, advocating in needlosaly warm tcnna the 
prior claims of Grant and Swao. It ie perbaps nnneoesBary foe me to 
say (hat the charge of injustice waa wholly undeserved ; and I think the 
writer of the letter wonld have inferred this Lad he conaiderred a parallel 
instance which had recently occurred. For a well-known worker had 
claimed the very same disooverj only a few monihs before aa Tm ovtrt ; 
and, although the subject waa speuially his, be had not known eveii of 
Seochi's numerous public statements respecting the sierra, yet no one 
tilought of charging him with injustice. Tlie writer of the Iciter could 
Bcaceely have forgotten the eircumstanoo, since that workerwas no other 
than himself. 

* The reader need hardly he told tlisl the hopes licre csprossed were 
completely disappointed. 
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in that long and remarkable career of progress wliicli 
■was inaugurated toward the close of the sixteenth 
century. Hitherto those who have been able and will- 
ing to take part in ecientifie researches have had the 
means of doing so without incuriing great expense, 
and many have even found it possible to do good and 
useful service in the cause of science while prosecuting, 
at the same time, the labors of their profession or trade. 
But now the case is very different. A man who would 
assist in forwarding the progress of science must give 
his whole energies to the cause ; he must be prepared 
to incur large expenses ; and all this he must do with- 
out the hope that science will make Mm any pecuniary 
return, Theoi-etically, indeed, it may be argued that 
he will labor best who hopes for no return for his 
labors ; who works, not for profit, but from pure love 
of science, and so on. But, as a matter of fact, many 
of those who would serve science best, and hundreds 
of those who could do yeoman's service in her cause, 
are simply deban-ed from scientific pursuits by the 
necessity of earning the means of subsistence. And 
tliere are crowds of others who, though they may be 
independent in means, are yet unable to provide them- 
selves with the expensive instruments by which alone 
any useful work can now be done. For, as Colonel 
Strange observes, " Science can no longer be cultivated 
as in by-gone times it used to be. In astronomy the 
man with his table spy-glass cannot now furnisli ac- 
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eeptable results. In ebemistry, tlie Wollaston tea-tray 
and wine-glasses are superseded by well-equipped lab- 
oratories. In optics we see elaborate spectroscopes, 
not Newton's simple prism. In meteorology, and iii 
every investigation of continuous phenomena, we are 
satisfied with nothing less than self-recording instru- 
ments. In electricity, in microscopy, and in other 
branches, our appliances are every day more and more 
amplified. The age of great discoveries made, and, 
above all, extensive series of facts acemnnlated with 
limited means, is pasging away ; and we are every day 
compelled to employ more perfect appliances and more 
systematic agencies in unravelling the secrets of Na- 
ture." 

It is scarcely necessary to point out that the aid of 
(lie State in securing the progress of physical science 
is not aeked without the promise of a quid pro q-uo. It 
is not as though the State were called upon to aid in 
antiquarian, or entomological, or numismatic researches, 
or in any subject of inquiry which, however interesting, 
has no practical bearing on the wants of daily life, or 
on the appliances by which the social state of man may 
be beneiited and improved. Nor is it to secure the 
spread of scientilic knowledge that State aid is called 
for, but to secure the progre^ of physical science. 
That that progress cannot fail to bring with it im- 
portant advantages to mankind it is almost needless to 
nisert. We have only to look around ns to see what 
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BciencD Iiaa done for mankind. But those are best 
acquainted with the practical vahie of scientific linowl- 
edge who are tlieinselvea engaged in scientific re- 
searches, or are at least proficient in scientific matters- 
Hundreds, for example, might see in the complicated 
instrnments which arc to bo found in the Greenwich 
Observatory nothing but ingenious applications for the 
solution of theoretical problems ; it is only astronomers, 
or those who are versed in the processes of astronomy, 
who know that our whole system of commerce would 
be affected injuriously if those instruments were de- 
stroyed or left unused. Here we have an instance of 
Bcience working under State patronage, working in the 
cause of the State; and what Colonel Strange proposes 
is to multiply instances of this sort. The State profits 
by the labors of the Greenwich astronomers, and those 
astronomers would for the most part be unable or nn- 
wiUing to continue their labors but for the pecuniary 
reward which they receive from the State. But as- 
suredly tJie State would suffer more than the astrono- 
mers if the establishment at Greenwich were done 
away with. And precisely in the same way the State 
would reap important advantages from the labors of 
proficients in other departments of science who are 
uow debarred by considerations of expense, or by the 
necessity of earning a livelihood, from applying their 
skill to forward the cause of scientific progress- 
Colonel Strange' s proposal includes the establish- 
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ment of national institutions expressly for the practical 
advancement of scientific research. He remarks that 
"men engaged in science need hardly be told that 
when they discover a new substance, the determination 
of the physical properties of which is attended witli 
cost and labor, they experience a great — perhaps 
insuperable — difficulty in obtaining its examination. 
A new theory, or the confutation or contirmation of an 
old one, if dependent on any considerable accumulation 
of facts, shares even a worse fate." Important benciits 
could not fail to result if difficulties such as these 
were removed from the paths of physical rcsearcli, by 
the institution of todies whose duty it would be to 
undertake, and complete in an accurate and systematic 
manner, costly and tedious investigations on which 
vast interests may be dependent. 

(From the Daily JVsm for December 9, 1869.) 



AMERICAN ALMS FOB BRITISH SCIEjS'CE* 

Omt astronomers have received an invitation which 
is as pleasing to them as men of science as it is painful 

* This -was oue of a series of articles whicli appeared in the Daili) 
Kesss during the months which followed tlie announcement that tlio 
British Government would give no aid to the echpse espedition. To (he 
liberality with which the Baily News gave space for these appeals ma; 
fah-ly be aseribed the feet that eventually the eclipse oommittee waa 
aroused to something like energetic action. When the real state of the 
case became known to Government, ample assistanoe was rendered. I'lio 
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to tliem as Euglislimen. Aa our readei-s know, sixty- 
eight persons had volunteered to go to Spain and Sicily 
to view the total eclipse of December 33d ; our scientific 
BocietieB had voted lai-ge siims of money for the equip- 
ment of the two observing parties ; and every one was 
certain that Government would supply the means of 
transport. But every one was mistaken. The Ad- 
miralty discovered that tho nation would assuredly 
disapprove if room were found for mere men of science 
and their trumpery in any of her Majesty's ships ; and 
accordingly, just when the extensive preparations re- 
quisite for the expeditions were in full progress, news 
came that tlie means of transport must be found by 
the observers themselves. "We do not care hcre~we 
hardly have patience, indeed— to discuss the probable 
cause of a refusal so discreditable to the scientific 
repute of England. It had been announced by the 
Astronomer-Hoyal (in connection with another matter), 
that Government would always be found liberal in 
scientific matters, if a sufficient cause were shown by 
persons in whom they had trust ; and we do not care 
to inquire whether the Astronomer-Eoyal was mistaken 
in this matter, or wlietlier the Government declined to 

BhortaMS of the time eveatiiiilly left for preparation may be regarded as 
accounting for subBequent Beeming ahort-eomiiiga oq tlie part of tlio 
Organizing Committee ; while fortunately the zeal of the oxpeditioniKts 
averted the risk (which at one time seemed serious) that ratlier brusque 
usage wouU cause some of the most important members of the espedi- 
tiona to withdraw their dd. 
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pttt trust in him or in tbe Presidents of our Astro- 
nomical and Koyal Societies, or wlictlier, lastly, the 
sufficient cause was not brought before the Govern- 
ment with proper earnestness. Let tlie explanation he 
what it may, the fact remains — England has been 
exhibited to all the nations as turaing her hack on 
science, and Enghsh men of science have been dis- 
credited before the world as unworthy of England's 
confidence. 

But now news comes that the Government of the 
United States has not only found means of transport 
for two American parties, but has made the handsome 
grant of £6,000, to furnish suitable appliances for ob- 
serving the eclipse. The American men of science 
hare reached England. Tliey recognize the pitiable 
condition to which our astronomers have been reduced 
by the Government, and they invite our sixty-eight 
volunteers to sail with them. A letter has been sent 
to these volunteers, inviting them, in the name of the 
American expeditionary parties, to accept this much- 
needed assistance. The offer is most generous ; it is 
most inviting ; it is one which no astronomer is justi- 
fied in declining on account of sentimental considera- 
tions. But it certainly is a new and a painful position 
for an English man of science to be placed in, thus to 
find scientific alms offered him as a reparation for tlie 
insult he has, in effect, received from his own Govern- 
ment. 
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Many may be disposed to wonder why so mueli in- 
terest is attached to this particnlar eclipse. During 
many former total eclipses — even when they have been 
visible at more conveniently accessible stations — less 
care was taken to fit out expeditions. And, what ia 
evgn more to the point, observations have been made 
on eclipse after eclipse, in former times, without add- 
ing jot or tittle to our knowledge of solar physics. But 
during recent eclipses things have altered. In 1860 
the celebrated " Himalaya Expedition " sailed to Spain 
from England ; while other parties came from France, 
Italy, and Germany, And, tliongh the old fault of 
wasting observing energy on matters ah'eady known 
or demonstrated prevailed very largely, yet De )a Eue 
and Secehi, by photographing the eclipsed sun, well 
repaid the whole cost of these expeditions. In the 
great total eclipse of August, 1868, Europe sent o\it 
many observing parties to India, and the great dis- 
covery that the red prominences seen round the totally- 
eclipsed sun are masses of glowing vapor sufficiently 
repaid the cost. In August, 1869, the Americans 
availed themselves right skilfully and worthily of the 
passage of the moon's shadow across their continent ; 
and, though they failed in the main purpose they had 
set themselves, they made preliminary observations of 
the utmost importance and vahie. That purpose was 
to ascertain the nature of the glorious aureole of light 
seen around the sun during total eclipses; and it is 
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with tlie aarne purpose that the expeditions formed for 
obsei-viiig the present ecHpse were to have set forth. 
The questions to he answered are fall of interest, even 
now when their full significance is not known ; ■while 
it may well bo that when we begin to have accurate 
information about them, wo shall find they have a real 
importance wholly unlooked for. As the last direct 
rays of the sun are concealed hy the advancing moon, 
there springs into view a glorious crown of colored 
light— pearly white in parte, faintly pink beyond, and 
at the extreme verge showing tints of mauve and 
violet and green — delicate and beautiful beyond de- 
scription. Through this coronal glory there extend 
rays of bluish-white light, reaching often to a vast dis- 
tance from the black disk of the moon. Commonly 
remaining unchanged in position, those rays sometimes 
—if all the narratives can be trusted — exhibit very 
obvious signs of motion, resembling in this respect 
those streamers of colored light which we have lately 
so much admired in tho aurora. Indeed, wonderful as 
it may seem, the corona has lately come to be regarded 
as associated in some way with the Aurora Borealis, 
We know that those auroral stroanio]^ which form so 
wonderful a display in our own skies are duo to solar 
influences. In whatever way it may be brought about, 
certain it is that disturbances of the sun are reflected 
in terrestrial auroral displays. The auroras which 
have occurred lately were predicted by astronomers, 
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■wlio know that tlie sun is undergoing during the 
present year disturlianees of tlie most amazing nature. 
Solar spots, of various dimensions, liave been counted 
by the hundred of late ; and we now know that when 
the sun is thus spotted our earth sympathizes with the 
central orb. Thrilling from pole to pole in magnetic 
tremor, she spreads out over both hemispheres the 
auroral banners that indicate the progress of electric 
revolutions. The devices of her children for utilizing 
her electric forces ai'e for the time set at naught, and 
the telegraph-clerk finds for a while that Mother 
Earth is having her own way and will not obey his be- 
hests. If the sun, ninety millions of miles away from 
us, thus affects the earth's frame, and thus illuminates 
terrestrial skies, it need not be greatly wondered at 
should it be proved that he illuminates with no dis- 
similar light the regions lying more closely around 
hira. If there are no planets like our earth in tlicso 
regions, no large bodies on which the sun can exert 
his inconceivable powers, there are yet in these spaces 
— unless astronomers are at fault — uncounted millions 
of minute bodies, those tiny " pocket-planets " which 
pass at times through our own atmosphere, and are 
called by us falling stars, or meteora. Among these 
tiny bodies auroral gleams may pass, producing by 
their united lustre the glories of the solar corona. 

But, whether this view be just, or whether, as Mr. 
Lockyer holds, the corona ia only a phenomenon of 
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our ovrii air, or is due (as the fanciful M. Paje once 
thouglit of the colored prominences) to some sort of 
lunar mirage, certain it is that just now it is a matter 
of extreme interest that further observations should be 
made. Xlndonhtedly, what we have lately learned re- 
specting the snn gives an interest and importance to 
this matter of tlie solar corona which it never before 
possessed. Yet this is the problem respecting which 
our Government is understood to have said to astron- 
omers, " As far as we can, we will prevent yon from 
solving it," 

Truly it woiild be difficult to show that any ma- 
terial profit can be gained by solving tho problems 
associated with the solar corona. Tho tree of science 
has its blossoms as well as its fruits, and perhaps tho 
results of the observations we are advocating will be- 
long to the former rather than the latter. But what 
tlieu ? Can we limit science to remunerative researches 
alone ? As well might we attempt to get fruit from 
a tree whose leaves and blossoms we systematically 
plucked off. Latent though the power of science now 
is in great part, yet science is the greatest power our 
country possesses. It has been treated for a long 
while as a troublesome beggar — a few hnndreds doled 
out here and a few thousands there. The country does 
not yet tnow its own interest. Because little has been 
asked, it has thought little could be returned. The 
time is coming when not Imndreds or thousands will 
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be asked for science, but millions freely and eagerly 
given — when tlie example of other countries, rapidly 
passing in advance of England through their scientific 
resources, will force on our attention the folly of a sys- 
tem which grants thirty millions yearly to secure the 
means of carrying on war, and refnses a few paltry 
thousands to secure the noblest portion of our sti'ength. 
(From the Dnihj Nevts for NoTembei- 5, 1810.) 



THE SBCB^T OF THE NORTE POLE. 

If an astronomer upon some distant planet lias ever 
thought the tiny orb we inhabit worthy of telescopic 
study, tliere can be little doubt that the snowy regions 
which sun'0i;nd tho arctic and antarctic poles mast 
have attracted a large share of his attention, "Waxing 
and waning with the passing seasons, those two white 
patches afford significant intelligence respecting the 
circumstances of our planet's constitution. They mark 
the direction of the imaginary axial hue upon which 
tho planet rotates; so that we can imagine how an 
astronomer on Mars or Yenus would judge from their 
position how it fares with terrestrial creatures. Tliere 
may, indeed, be Martial "Whewclls who laugh to scorn 
the notion that a globe so inconveniently circnmBtanced 
as ours can be inhabited, and are ready to show tiat if 
there were living beings here they must be qniehly 
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destroyed by excessive heat. Oa the other hand, there 
are doubtless Bteptics on Tonus also who smile at the 
vanity of those who can conceive a frozen world, such 
as this our outer planet, to be inhabited by any sort 
of living creature. But we doubt not that the more 
advanced thinkers both in Mare and Venus are ready 
to admit that, though we must necessarily be far infe- 
rior beings to themselves, we yet manage to " live and 
move and have our being " on this ill-conditioned globe 
of ours. And these, observing the earth's polar snow- 
caps, must be led to several important conclusiona 
respecting physical relations here. 

It is, indeed, rather a singulai- fact to contemplate, 
that ex-ten'estrial observer, such as these, may know 
much more than we ourselves do respecting those mys- 
terious regions which ho close around the two poles. 
Tlieir eyes may have rested on spots which with all our 
endeavors we have hitherto failed to reach. "Whether, 
as some have thought, the arctic pole is in summer 
sun'ounded by a wide and tide-swayed ocean ; whether 
there lies around the antarctic pole a wide continent 
bespread with volcanic mountains larger and more 
energetic than the two burning cones which Eoss found 
on the outshirts of this desolate region ; or whether the 
habitudes prevailing near either pole are wholly differ- 
ent from those suggested by geographere and voyagers 
— such qu^tions as these might possibly be resolved 
at once, could our astronomers take their stand on 
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some, neighboring planet, and direct tlie searching 
power of their telescopes upon this terrestrial orb. 
For this is one of those cases referred to by Humboldt, 
when he said that there are cireumstaneea under wliich 
man is able to learn more respecting objects millions 
of miles away from him than respecting the very globe 
which he inhabits. 

If we talie a terrestrial globe, and examine the 
actual region near the North Pole -which has as yet 
remained unviaited by man, it will be found to be far 
smaller than most people are in the habit of imagining. 
In nearly all maps the requirements of charting result 
in a considerable exaggeration of the polar regions. 
This is the case in the ordinary " maps of the two 
hemispheres " whicli are to be found in all atlases. 
And it is, of course, the case to a much more remark- 
able extent in what is termed llercator's projection. 
In a Mercator's chart we see Greenland, for example, 
exaggerated into a continent fully as large as South 
America, or to seven or eiglit times its real dimen- 

Tliere are tliree principal directions in "wliich ex- 
plorers have attempted to approach tlie I^orth Pole. 
Tlie first is that by way of the sea which lies between 
Greenland and Spitzbergen. We include under tliis 
head Sir Edward Parry's attempt to reach the pole by 
crossing the ice-fields which He to the north of Spitz- 
bergen. The second is that by way of the straits 
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wliieli lie to the west of Greenland. The third is tho.! 
pursued by liuBsian explorers who have attempted to 
cross the frozen eeas ■which surround the northern 
shores of Siberia. 

In considering tlie limits of the unknown north- 
polar regions, we shall also have to take into account 
the voyages which have been made around the northern 
shores of the American Continent in the search for a 
" northwestern passage." The e-x plorers who set out 
upon this search found themselves gradually forced to 
seek higher and higher latitudes if they would iind a 
way round the complicated barriers presented by the 
ice-bound straits and islands which lie to the nortli of 
the American Continent. And it may be noticed in 
passingj as a remarkable and unforeseen circumstance, 
that the farther north the voyagers went the less severe 
was the cold they had to encounter. We shall see that 
this circumstance has an important bearing on the con- 
siderations we shall presently have to deal witli. 

One other circumstance respecting the search for 
the nortliwest passage, though not connected very 
closely with our subject, is so singular and so little 
known that we feel tempted to make mention of it at 
this point. The notion with which the seekers after a 
northwest passage set out was simply this, that the 
easiest way of reaching China and the East Indies was 
to pursue a course resembling as nearly as possible, that 
on which Columbus had set out — if only it should 
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appear tliat no impassable barriers rendered such a 
course impracticable. They quickly found that the 
American Continents present an unbroken line of land 
from high northern latitudes far away toward the ant- 
arctic seas. But it is a circumstance worth noticing, 
that if the American Continents had no existence, the 
direct westerly course purstied by Columbus was not 
only not the nearest way to the East-Iudian Archi- 
pelago, but was ono of the longest routes which could 
possibly have been selected. Surprising aa it may seem 
at first sight, a voyager from Spain for China and the 
East Indies ought, if he sought the absolutely shortest 
path, to set out on an almost direct northerly route ! 
He would pass close by Ireland and Iceland, and so, 
near the North Pole, and onward into the Pacific, 
This is what is called the gi'eat-circle route ; and if it 
■were only a practicable one, would shorten the course 
to China by many hundreds of miles. 

Let us return, however, to the consideration of the 
information which arctic voyagers have brought us con- 
cerning tlie north-polar regions. 

The most laborious researches in arctic seas are 
those which have been carried out by the searches 
after a northwest passage. We will therefore first con- 
sider the limits of the unknown region in this direction. 
Afterward we can examine the results of those voy- 
ages which have been undertaken with the express 
purpose of reaching the Korth Pole along the three 
principal routes already mentioned. 
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If we examine a map of Nortli America constrncted 
in recent times, we Bhall find that between Grceniand 
and Canada an immense extent of coast-line has "been 
eliarted. A vast ardiipolago covers this part of the 
northern world. Or, if the strangely-complicated coi^t- 
lines which have been laid down really belong to but 
a small number of islands, the figures of these must bo 
of the most fantastic kind. Toward the northwest, 
however, we find several islands whose outlines have 
been entirely ascertained. Thus we have in euecession 
Korth Devon Island, Oornwallis Island, Melville Island, 
and Port Patrick Island, all lying north of the seventy- 
fifth parallel of latitude. But we are not to suppose 
that these islands limit the extent of our seamen's 
researches in this direction. Far to the northward of 
Wellington Channel, Captain de Haven saw, in 1852, 
the signs of an open sea — in other words, he saw, be- 
yond the ice-fields, what arctic seamen call a " water- 
sky." In 1855 Captain Penny sailed upon this open 
sea ; but bow far it extends toward the North Pole has 
not yet been ascertained. 

It must not be forgotten that the northwest passage 
has been shown to bo a reality, by means of voyages 
from the Pacific as well as from the Atlantic, No arctic 
voyager has yet succeeded in passing from one ocean 
to the other, Nor is it likely now that any voyager 
will pursue his way along a path so besot by dangers 
as that which is called the northwest passage. Long 
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before the pmblera had been solved, it had become well 
known tliat no profit could be expected to accrue to 
trade from the discovery of a passage along the peril- 
ous straits and the ice-encumbered seas which lie to 
tlie north of the American Continent. But Sir Edward 
Parry having traced out a passage as far as Helville 
Island, it seemed to the bold spirit of our arctic ex- 
plorers that it might be possible, by sailing through 
Behring's Straits, to trace out a connection between 
the arctic seas on tliat side and the regions reached by 
Parry. Accordingly, McClure, in 1850, sailed in tlie 
"Investigator," and passing eastward, after traversing 
Behring's Straits, reached Baring's Land, and event- 
ually identified this land aa a portion of Banks's Land, 
seen by Parry to the southward of Melville Island. 

It will thus be seen that the unexplored parts of the 
arctic regions are limited in this direction by sufficient- 
ly high latitudes. 

Turn we next to the explorations whic]r Enssian 
voyagers have made to the northward of Siberia. It 
must be noticed, in the first place, that the coast of 
Siberia runs much farther northward than that of tlie 
American Continent, So that on this side, indepen- 
dently of sea explorations, the unknoivn arctic regions 
are limited within very high latitudes. But attempts 
have been made to push much farther north from these 
shores. In every case however, the voyagers have 
found that the ice-fielda, over which they hoped to 
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make their way, have hecome gradually less and less 
firm, until at length no doubt could remain that tliere 
lay an open sea beyond them. How far that sea may 
extend is a part of the secret of the Jf orth Pole ; but 
■we may assume that it is no narrow sea, since other- 
wise there can be little doubt that the iee-fiolds which 
surround the shores of Northern Siberia would extend 
unbroken to the farther shores of what we should thus 
have to recognize as a strait. The thinning-offof these 
ice-fields, observed by Baron Wrangel and his com- 
panions, afibrds, indeed, most remarkable and signiti- 
cant testimony respecting the nature of the sea which 
lies beyond. This we shall presently have to exhibit 
more at length ; in the moan time we need only remark 
that scarcely any doubt can exist that the sea thus 
discovered extends northward to at least the eightieth 
parallel of latitude. 

"We may say, then, that from "Wellington Channel, 
northward of the American Continent, right round 
toward the west, up to the neighborhood of Spitz- 
bergen, very little doubt exists as to the general 
characteristics of arctle regions, save only as respects 
those unexplored parts which lie within ten or twelve 
degrees of the North Pole. The reader will see pres- 
ently why we are so careful to exhibit the limited 
extent of the unexplored arctic regions in this direction. 
The guess we shall form as to the true nature of the 
north-polar secret will depend almost entirely on this 
consideration. 
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■\Te turn now to those two paths along which arctic 
exploration, properly so termed, has been most suceoss- 
f'ully pursued. 

It 19 chiefly to the expeditions of Drs. Kane and 
riayes that "vvo owe the important knowledge we have 
respecting the northerly portions of the straits which 
lie to the west of Greenland. Each of these explorers 
succeeded in reaching the shores of an open sea lying 
to the northeast of Kennedy Channel, the extreme 
northerly limit of those straits. Hayes, who had ac- 
companied Kane in the voyage of 1854-'55, succeeded 
in reaching a somewhat higher latitude in sledges 
drawn by Esquimaux dogs. I3nt both expeditions 
agree in showing that the shores of Greenland trend 
oiF suddenly toward the east at a point within some 
nine degrees of the ]^orth Pole. On the other band, 
the prolongation of the opposite shore of Kennedy 
Channel was found to extend northward as far as the 
eye could reach. "Within the angle thus formed there 
was an open sea " rolling," says Captain Maury, " with 
the swell of a boundless ocean." 

But a circumstance was noticed respecting this sea 
which was very significant. The tides ebbed and 
ilowed in it. Only one fact we know of — a fact to 
be presently discussed— throws so much light on the 
question we are considering as this circumstance does. 
Let us consider a little whence these tidal waves can 
have come. 
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Tlio iiaiTow straita between Greenland on the ono 
Bide, and Ellesmore . Land and Grinnell Land on the 
other, are completely ice-bound. We cannot eupposo 
that the tidal wave could have found its way beneath 
Buch a barrier as this. " I apprehend," says Captain 
Maury, " that the tidal wave from the Atlantic can 
no more pasa under this icy barrier, to be propagated 
in the seas beyond, than the vibrations of a musical 
string can pass with its notes a fret on which the 
musician hae placed his finger." 

Are we to suppose, then, that the tidal waves were 
formed in the very sea in which they were seen by 
Kane and Hayes? This is Captain Maury's opinion ; 
" These tides," says he, " must have been born in that 
cold sea, having their cradle about the North Pole." 

But if we carefully consider the theory of the tides 
this opinion seems inadmissible. Every consideration 
on which that theory is founded is opposed to the 
assumption that the moon could by any possibility 
raise tides in an arctic basin of limited extent. It 
would be out of place to examine at length the prin- 
ciple on which the formation of tides depends. It will 
ho sufficient for our purposes to remark that it is not 
to the mere strength of the moon's " pull " upon the 
waters of any ocean that the tidal wave owes its origin, 
but to the diiference of the forces by which the various 
parts of that ocean are attracted. The whole of an 
ocean cannot be raised at once by the moon ; hut if 
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Olio part is attracted more than another, a wave is 
formed. That this may happen, the ocean must be one 
of wide extent. In the vast seas which sun-ound the 
Southern Pole there is room for an immensely powerful 
"drag," BO to speak; for always there will be one part 
of these seas much nearer to the moon than the rest, 
and so there will be an appreciable difference of pall 
npon that part. 

The reader will now see why we have been so care- 
ful to ascertain the limits of the supposed north-polar 
ocean, in which, according to Captain Maury, tidal 
waves are generated. To accord with his views, this 
ocean must be surrounded on all sides hy impassable 
haiTiers either of land or ice. These barriers, then, 
must lie to the northward of the regions yet explored, 
for there is open sea communicating with the Pacific 
all round the north of Asia and America. It only 
requires a moment's inspection of a terrestrial globe to 
see how small a space is thus left for Captain Maury's 
laud-locked ocean. We have purposely leit out of 
consideration, as yet, the advances made by arctic 
voyagers in the direction of the sea which lies between 
Greenland and Spitzbergen. "We shall presently see 
that on this side the imaginary land-locked ocean must 
be more limited than toward the shores of Asia or 
America. As it is, however, it remains clear that, if 
there were any ocean commanicating with the spot 
reached by Dr. Kane, bnt separated from all commu- 
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nication^by open water — either with tlie Atlantic or 
with the Pacific, that ocean would be bo limited in 
extent tliat the moon's attraction could exert no more 
effective influence upon ita waters than upon tlie 
waters of the Mediterranean — where, as we know, no 
tides are generated. This, then, would be a tideless 
ocean, and we must look elsewhere for an explanation 
of the tidal waves seen by Dr. Kane. 

"We thus seem to have ^rima facie evidence that 
the sea reached by Kane communicates either with the 
Pacific or with the Atlantic, or — which is the most 
probable view — with both those oceans. When we 
consider the voyages which have been made toward 
the North Pole along the northerly prolongation of 
the Atlantic Ocean, we find very strong evidence in 
favor of the view that there is open-water communica- 
tion in this direction, not only with the epot reached 
by Kane, but with a region very much nearer to the 
North Pole. 

So far back as ICOY, Hudson had penetrated within 
%^° (or about 600 miles) of the ITorth Pole on this 
route. AVhen we consider the clumsy build and the 
poor sailing qualities of the ships of Hudson's day, we 
cannot but feel that so successful a journey marks this 
route as one of the most promising ever tried. Hudson 
was not turned back by impassable barriers of land or 
ice, bat by the serious dangers to which the floating 
masses of ico and the gradually- thickening ice-flelds 
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exposed bis weak and ill-maimed vessel. Since his 
time, otliers have sailed upon tlie same track, and liitli- 
erto with no better success. It has been reserved to 
the Swedish expedition of last year to gain the highest 
latitudes ever reached in a ship in this direction. The 
steamship " Sofia," in which this successful voyage was 
made, was strongly built of Swedish iron, and origi- 
nally intended for winter voyages in the Baltic. Ow- 
ing to a number of delays, it was not until September 
16th that the " Sofia " reached the most northerly part 
of her journey. This was a point some fifteen miles 
nearer the iNorth Pole than Hudson had reached. To 
the north there still lay broken ice, but packed so thick- 
ly that not even a boat could pass through it. So late 
in the season, it would have been unsafe to wait for a 
change of weather and a consequent breaking up of 
the ice. Already the temperature had sunk 16° below 
the fi-eezing-point ; and the enterprising voyageis liad 
no choice but to return. They made, indeed, another 
push for the north a fortnight later, but only to meet 
with a fresli repulse. An ice-block with which they 
came into collision opened a large leak in the vessel's 
side ; aad when after great exertions they reached the 
land, the water already stood two feet over the cabin- 
floor. In the course of these attempts, the depths of 
the Atlantic were sounded, and two interesting facts 
were revealed. The first was that the island of Spitz- 
bergen is connected with Scandinavia by a submarine 
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bank ; the seoond was tlie eircunistanee that to the 
north and west of Spitzbei-gen the Atlantic is more 
than two miles deep ! 

"VYe come now to the most conclusive evidence yet 
afforded of the extension of the Atlantic Ocean toward 
tlie immediate neighborhood of the North Pole, Sin- 
gularly enough, this evidence is associated not with a 
sesi-voyage, uor with a voyage across ice to the bor- 
ders of some northern sea, but with a journey during 
which the voyagers were throughout surrounded as far 
as the eye could reach by apparently fixed ice-fields. 

In 1837 Sir Edward Pany was commissioned by 
the English Government to attempt to reach the 
North Pole. A large rewai-d was promised in case 
lie succeeded, or even if he could get within five 
degrees of the North PoJe. The plan which lie 
adopted seemed promising. Starting from a port in 
Spitzbergen, he prop(^ed to travel as far northward 
as possible in sea-boats, and then, landing upon the 
ice, to prosecute his voyage by means of sledges. 
Eew nan-atives of arctic travel are more interesting 
than that wHch Pai-ry has left of this famous " boat- 
and-sledge " expedition. The voyagers were terribly 
hai'assed by the difficultly of the way ; and, after a 
time, that most trying of all arctic experiences, the 
bitterly cold wind which comes from out the dreadful 
north, was added to tiieir trials. Yet still they 
plodded steadily onward, tracking their way over 
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Imndreds of miles of ice witli the eoiifideiit expecta- 
tion of at least attaining to tlie eiglaty-fiftli parallel, if 
not to the Pole itself. 

But a most grievous disappointment was in store 
for them. Parry began to notice that the astronomical 
observation ty which in favorable weather ho estimated 
the amount of their northerly progress, showed a want 
of correspondence with the actual rate at which they 
were travelling. At first he eonld hardly believe that 
there was not some mistake ; but at length the un- 
pleasing conviction was forced upon him that the 
whole ice-field over which he and his companions had 
been toiling so painfully was setting steadily southward 
before the wind. Each day the extent of this set 
became greater and greater, nntil at length they were 
actually carried as fast toward the south as they could 
travel northward. 

PaiTy deemed it useless to continue the struggle. 
There were certainly two chances in his favor. It 
was pc^sible that the north wind might cease to blow, 
and it was also possible that the limit of the ice might 
soon be reached, and that his boats might travel easily 
northward upon the open sea beyond. But he had to 
consider the exhausted state of his men, and the great 
additional danger to which they were subjected by the 
movable nature of the icefields. If the ice should 
break tip, or if heavy and long-continued southerly 
winds should blow, thoy might have found it very 
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difficult to regain their port of refuge in Spitzbergen 
before winter set in or tbeir stores were exhausted. 
Besides, there were no signs of water in the direction 
they had been taking. The water-sky of arctic regions 
can be recognized by tlie experienced seaman long 
before the open sea itself is visible. On eveiy side, 
however, there were the signs of widely-extended ice- 
fields. It seemed, therefore, hopeless to perscTere, 
and Pany decided on returning with all possible speed 
to the haven of refuge prepared for the party in Spitz- 
bergen. He had succeeded in reaching the highest 
northern latitudes ever yet attained by man. 

The most remarkable feature of this expedition, 
however, is not the high latitude which the party 
attained, but the strange circumstance which led to 
their discomfiture. What opinion are we to form of 
an ocean at once wide and deep enough to float an 
ice-field which must have been thirty or forty thou- 
sand sc[uare miles in extent? Paii-y Lad travelled 
upward of three hundred miles across the field, and 
we may fairly suppose that he might have travelled 
Ibrty or fifty miles farther without reaching open 
water ; also that the field extended fully fifty miles on 
each side of PaiTy's northerly track. That the whole 
of BO enormous a field should have floated freely before 
tlie arctic winds is indeed an astonishing circumstance. 
On every side of this floating ice-island there must 
have been seas cojnparativoly free from ice ; and could 
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a stout sliip liave forced its way througli tliese seas, the 
latitudes to which it could hare reached ivould have 
been far higher than those to which Parry's pai'ty was 
able to attain. For a mojnent's consideration will 
show that the part of the great ice-field where Parry 
was compelled to turn back must have been floating 
in far higher latitudes when he first set out. He 
reckoned that he had lost more than a hundred miles 
through the southerly motion of the ice-field, and by 
this anioant, of course, the point he reached had been 
nearer the Pole. It is not assuming too much to 
say that a ship which could have forced its way round 
the great floating ice-fleld would certainly have been 
able to get witliin four degrees of the Pole. It seems 
to us highly probable that she would even have been 
able to sail upon open water to and beyond the Pole 
itself. 

And when we remember the direction in which Dr. 
Kane saw an open sea — namely, toward the very 
region where Parry's ice-ship had floated a quarter of 
a centnry before— it seems reasonable to conclude that 
there is open-water communication between the seas 
which lie to the north of Spitzbei^n and tliose which 
lave the northwestern shores of Greenland. If this 
be so, we at once obtain an explanation of the tidal 
waves which Kane watched day after day in 1856. 
These had no donbt swept along the valley of the 
Atlantic, and thence around the northern coast of 
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Greenland. It follows tliat, densely as the ice may 
te packed at times in tlie seas by wliicli Hudson, 
Scoreaby, and other captains, have attempted to reach 
the North Pole, the frozen n s mu t m reality be 
floating freely, and there mu t tb f ist channels 

tlirougb which an adventur u n ght manage 

to penetrate tlie dangerou b n ouiiding the 

polar ocean. 

In such an expedition, chance unfortunately plays 
a large part. Whalers tell ns that there is great un- 
certainty as to the winds which may blow during an 
ai'ctic summer. The icebergs may be crowded by 
easterly winds upon the shores of Greenland, or by 
westerly winds upon the shores of Spitzbergen, or, 
lastly, the central passage may be the most encum- 
bered, through the effects of winds blowing now from 
the east and now from the west. Thus the arctic 
voyager has not merely to take his chance as to the 
route along which he shall adventure northward, but 
often, after forcing his way successfully for a consider- 
able distance, he finds the ice-fields suddenly closing 
in upon him on every side, and threatening to crush 
his ship into fragments. The iiTcsistible power with 
which, under snch circumstances, the masses of ice 
bear down upon the stoutest ship has been evidenced 
again and again; though, fortunately, it not unfre- 
quently happens that some irregulai'ity along one side 
or the otiicr of the closing channel serves as a sort of 
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natural doct, witliin wliicli the Tossel may remain in 
comparative safety until a change of wind seta her 
free. Instances have been known in which a ship has 
had BO narrow an escape in this way, and has been 
euhjected to sucli aa enormous pressure, that when the 
channel has opened out again, the impress of the ship's 
side has been seen distinctly marked upon the massive 
blocks of ice which have pressed against her. 

Notwithstanding the dangers and difficulties of the 
attempt, and the circumstance that no material gains 
can reward the explorer, it seems not nnlikely that 
before many months are passed the North Pole will 
have been reached. Last year two bold attempts were 
made — one by the Swedes, as already mentioned, the 
other by German men of science. In each case the 
result was so far successful as to give good promise for 
future attempts. This year both these nations will 
renew their attack upon the interesting problem. The 
German expedition will consist of two vessels, the 
" Germaiiia " and the " Greenland." The former is a 
aerew-ateamerj of 126 tons, and well adapted to en- 
counter the buffets of the ice-masses which are borne 
upon the arctic seas. The other is a sailing-yacht of 
80 tons, and is intended to act as a transport-ship, by 
means of which communication may be kept np with 
Europe. The " Germania " will probably winter in 
high northern latitudes ; and we should not bo much 
surprised if before her return she should have been 
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carried to the very Pole. Nor can the prospecta of the 
Swedish expedition be considered less promising, when 
we remember that last year, though hampered by the 
lateness of the season and other diffieiilties, tliej suc- 
ceeded in approaching the Pole within a distance only 
a few miles greater than that which separated Pany 
from the Pole in 1829. 

Certainly England has reason to feap that before 
the year 1870 has closed she will no longer be able to 
claim that her flag has approached both Poles more 
nearly than the flag of any other nation. There are 
considerations which make the recent supinenees of 
our country in the matter of arctic travel much to be 
regretted. In the winter of 1874 there will occur one 
of those interesting phenomena by which Nature oc- 
casionally teaches men useful lessons respecting her 
economy. We refer to the transit of Venus on De- 
cember Sth in that year. One of the most effective 
modes of observing this transit will require that a 
party of scientific men should penetrate far within the 
recesses of the" desolate Antarctic Circle. Where arc 
the trained arctic seamen to be found who will venture 
upon this sei'vice ! Moat of our noted aretie voyagers 
have earned their rest ; and, as Commander Davis said 
at a recent meeting of the Geographical Society, those 
who go for the first time into the aretie or antarctic 
solitudes are too much tried by the effects of the new 
experience to be fit to undertake important scientific 



3d b, Google 



JS THE GULF STREAM A MYTH? 129 

labors. IJe spoke ■with special reference to the transit 
of 1882, for the observation of ivhich there is (I Lave 
lately shown) small occasion to employ arctic voyagers. 
It is just possible that for the transit of 1874 trained 
explorers belonging to tlie old school of arctic travel 
may still be found. But if not, no time should be lost 
in supplying the deficiency. I have shown within the 
last few months that journeys to the antarctic regions 
will be required for this transit, and not for the later 
transit (as had been supposed). The Astronomer- 
Royal has expressed his desire that the discovery may 
be rendered available by suitable expeditions. " Every 
series of observations," he remarks, " which can really 
be brought to bear upon this important determination 
will be valuable," Therefore, for this reason alone, 
and even if the reputation of England in tlie matter of 
arctic travel were altogetlier worthless, it would be 
well that efforts should quickly be made to prepare 
crews and commanders for the work of 1874, by 
"sending them to school," as Commander Davis ex- 
pressed it, " in the arctic seas." 

(From Sf. FavPs, Juno, 18fi9.) 



IS THE GULF STREAM A MYTH? 

TuE Gulf Stream has recently attracted a lai'ge 
share of the attention of onr men of science. The 
abnormal character of tlie weather which we expevi- 
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eneed last winter has had sometliing to do with this. 
The influence of the Gulf Stream upon our climate, 
and the special influence wliich it is assumed to exer- 
cise in mitigating the severity of our winters, have 
been so long recognized that meteorologists began to 
inquire what changes could be supposed to have taken 
place in the great current to account for so remarkable 
a winter as the last. But it happened also that at a 
meeting of the Eoyal Geogi-apliical Society early in 
the present year the very existence of the Gulf Stream 
was called in question, just when meteorologists were 
disposed to assign to it effects of unusual importance. 
And in tlte course of the discussion whether there is in 
truth a Gulf Stream — or rather whether our shores are 
visited by a current which merits such a name — a 
variety of interesting facts were adduced, which were 
either before unknown or had attracted Kttle attention. 
As at a recent meeting of the same society these doubts 
have been renewed, we propose to examme briefly, in 
tlie first place, a few of the considerations which have 
been urged against the existence of a current from tlie 
Gulf of Mexico to the neighborhood of our shores ; 
and then, having rehabilitated the reputation of this 
celebrated oeean-river— as we believe we shall be able 
to do— we shall proceed to give a brief slcetch of the 
processes by which the current-system of the Kortli 
Atlantic is set and maintained in motion. 

In reality the Gulf Stream h only a part of a 
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system of oceanic circulation ; but in dealing witli 
tlio arguments wliich have been urged against its very 
existence, we may contine our attention to tlie fact 
tliat, according to the views whicli had been accepted 
for more than a century, there is a stream of water 
which, ranuing out of the Gulf Stream .through the 
N'arrowa of Bernini, flows along the shores of the 
United States to iNewfonndland, and thence right 
across the Atlantic to the shores of Great Britain. 
It is this last fact which is now called in question. 
The existence of a current as far as the neighbor- 
hood of Newfoundland is conceded, but the fact that 
the stream flows onward to oar ahores is denied. 

The point on wliieh the most stress is placed is the 
shallowness of the passage called the " Bernini T^ar- 
rows," througli wliich it is assumed that the wliole of 
the Gulf current must pass. This passage has a width 
of about forty miles, and a deptli of a little more than 
six hundred yards. The current which flows through 
it is perhaps little more than tliirty milca in width, 
and a quarter of a mile in depth. It is asked with 
some appearance of reason, how tliis narrow current 
can be looked upon as the parent of that wide stream 
wliich is supposed to traverse the Atlantic with a mean 
width of some Ave or six hundred miles. Indeed, a 
much gi-eater widtli has been assigned to it, though on 
mistaken grounds ; for it has been remarked that since 
waifs and strays from the tropics are found upon the 
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shores of Portugal, as well as upon those of Greenland, 
we must ascribe to the current a span equal to the 
enormous space separating these places. But the 
circumstance here dwelt upon can clearly be explained 
in another way. "We know that of two pieces of wood 
thrown into the Thames at liichmond, one might be 
picked up at Putney, and the other at Gravesend, 
Yet we do not conclude that tlie width of the Thames 
is equal to the distance separating Putney from Graves- 
end. And doubtless the tropical waifs which have been 
picked up on the shores of Greenland and of Portugal 
have found their way thither by circuitous eoiu'ses, and 
not by direct transmission along opposite edges of the 
great Gulf current. 

But certainly the difficulty associated with the nar- 
rowness of the Bemini current is one deserving of 
careful attention. Ai-e we free to identify a current 
six hundred miles in width with one which is but 
thirty miles ■wide, and not very deep ? An increase of 
width certainly not less than thirtyfold would appear 
to con-espond to a proportionate diminution of depth. 
And remembering that it is only near the middle of 
the ^Narrows that the Gulf Stream has a depth of four 
hundred yards, we could scarcely assign to the wide 
current in the mid-Atlantic a greater depth than ten 
or twelve yards. This depth seems altogether out of 
proportion to the enormous lateral extension of tho 
current. 
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Eut besides that even tMs consideration wouM not 
suffice to disprove tlie existence of a current in the 
mid-Atlantic, an important circumstance remains to be 
mentioned. The current in tlie Nari'ows flows with 
great velocity — certainly not less tlian four or five 
miles an hour. As the current grows wider it flows 
more sedately ; and opposite Oape Hatteras its velocity 
is already reduced to little more than three miles an 
hour. In the mid-Atlantic the current may be assumed 
to flow at a rate little exceeding a mile per hour, at 
the outside. Here, then, we hare a circumstance 
which suffices to remove a large part of the difficulty 
arising from the narrowness of the Bernini current, 
and we can at once increase our estimate of the depth 
of tlie mid-Atlantic cm-rent fivefold. 

But this is not all. It has long been imderstood 
that the current which passes out through the Narrows 
of Eemini corresponds to the portion of the great 
equatorial current which passes into the Gulf of 
Mexico between the West-Indian Islands. "We cannot 
doubt. that the barrier formed by those islands serves to 
divert a large portion of the equatorial current. The 
portion thus diverted finds its way, we may assume, 
along the outside of the West-Indian Arcliipelago, 
and tlius joins the other portion — which has in the 
mean time made the circuit of the Gulf — as it issues 
Irom the Bernini Straits. All the maps in which tlie 
Atlantic currents are depicted preRent precisely such 
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an outside current as we have here spoken of, and 
most of them assign to it a width exceading that of 
the Bemini cnrrent. Indeed, were it not for the 
doubts which the recent discossiona have thrown upon 
all the currents charted hy seamen, we should have 
been content to point to this outside current as shown 
in the maps. As it is, we have tliought it necessary to 
show that such a cuiTeut must necessarily have an 
existence, since we cannot lose sight of the influence 
of the West-Indian Isles in partially damming up the 
passage along which the equatorial current would 
otherwise find its way into the Gulf of Mexico. 
Whatever portion of the great current is thus 
diverted must find a parage elsewhere, and no pas- 
sage exists for it. save along the outside of the West- 
Indian Isles, 

The possibility that the wide current which has 
been assumed to traverse the mid-Atlantic may he 
associated with the waters which flow from the Gulf 
of Mexico, either through the Narrows or round the 
outside of the barrier formed hy the West Indies, has 
thus been satisfactorily established. But we now hare 
to consider difficulties which have heen supposed to 
encounter our current on its passage from the Gulf to 
the mid- Atlantic, 

Northward, along the shores of the ITnited States, 
the current has been traced by the singular hlueness 
of its watoi"3 until it has reached the neighborhood of 
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Newfoundland, Over a part of tliia course, indeed, 
the waters of the ciin'eiit aro of indigo blue, and so 
clearly marked tliat their line of junction witli the 
ordinary eea-water can be traced by tbe eye. " Often," 
says Captain Maury, "one half of a vessel may be 
perceived iJoatiiig in Gulf-Stream water, while the 
other half is in common water of the sea — so sharp is 
the line, and each the want of aifinity between the 
■waters, and such, too, the reluctance, so to speak, on 
the part of those of the Gulf Stream to mingle with 
the littoral waters of the sea." 

Bat it is now denied that there is any current be- 
yond tJie neighborhood of Newfoundland — or that 
the warm temperature, which has characterized the 
waters of the current np to this point, can be detected 
farther out. 

It is iirst noticed that, as the Gulf current must 
reach the neighborhood of Newfoundland with a north- 
easterly motion, and, if it ever reached the shores of 
the British Isles, would have to travel thither with 
an almost due easterly motion, there is a change of 
direction to be accounted for. This, however, is an 
old, and we had supposed exploded, fallacy. The 
course of the Gulf Stream from the Beinini Straits to 
the British Islea con'esponds exactly with that which 
is due to the combined effects of the motion of the 
water and that of the earth upon its axis. ^Florida 
behig much nearer than Ireland to the equator, has a 
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inuch more rapid easterly motion. Therefore, as the 
current gets further and farther north, the effect of the 
easterly motion thua imparted to it begins to show 
itself roore and more, until the current is gradually 
changed from a northeasterly to an almost easterly 
stream. The process is the exact converse of that hy 
wliich the air-currents from the north gradually change 
into the northwesterly trade-winds as they get farther 
south. 

But it is further remarked that as the cun'ent 
passes out beyond the shelter of Newfoundland, it is 
impinged upon by those cold cun-ents from the arctic 
seas ■which are known to be continually flowing out 
of Baffin's Bay and down the eastern shores of Green- 
land ; and it is contended that these currents suffice, 
not merely to break up the Gulf current, but so to 
coo! its waters tliafc these eoiild produce no effect upon 
the climate of Great Britain if they ever reached its 
neighborhood. 

Here, again, we must remai'li that we are dealing 
with no new discovery. Captain Kanry has already 
remarked upon this peculiarity. " At the very season 
of the year," he says, *' when the Gnlf Stream is rush- 
ing in greatest volume through the Straits of Florida, 
and hastening to the north with the greatest rapidity, 
there is a cold stream from Baffin's Bay, Labrador, 
and the coasts of the north, running south with equal 
velocity. .... One part of it underrnns the Gnlf 
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Stream, as ia ebown Ly tlie icebergs, whieb afe can-ied 
in a direction tending acrosa its eouree." There can 
be no doubt, in fact, that this last circumstance indi- 
cates the manner in which the main contest between 
the two currents is settled, A portion of the arctic 
current finds its way between the Gulf Stream and 
the contment of America ; and this portion, though 
narrow, has a very remarkable effect in increasing the 
coldness of the American winters. But t]ie main part, 
heavier, by reason of its coldness, than the surround- 
ing water, sinks beneath the surface. And the well- 
known fact mentioned by !M!aury, that icebergs have 
been seen stemming the Gulf Stream, suffices to show 
how comparatively shallow that current is at this dis- 
tance from its source, and thus aids to remove a diiH- 
culty which we have already had occasion to deal with. 
Doubtless the cooling influence of the arctic cur- 
rents is appreciable ; but it would be a mistake to 
suppose that this influence can suffice to deprive the 
Gulf current of its distinctive warmth. If all the 
effect of the cold current were operative on the Gulf 
Stream alone, we miglit suppose that, despite the 
enormous quantity of comparatively warm water which 
ia continually being carried northward, the current 
would be reduced to the temperature of the surround- 
ing water. But this is not so. The arctic current 
not only cools the Gulf current, but the surrounding 
water also — possibly to a greater extent, for it is corn- 
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moiily eiipposed tliat a bed of ordinary sea -water 
Beparatss tlie two main euzTents from each otlier. 
Thu9 the eharaeteristie difference of temperature re- 
mains unaffected. But in reality we may assume that 
the cooling effect actually exercised by the arctic cur- 
rent upon the neighboring sea is altogether dispropor- 
tionate to the immense amount of heat continualiy 
being carried northward by the Gulf Stream. It is 
astonishing how unreadily two sea-ciirrents exchange 
their temperatures — to use a somewhat inexact mode 
of expression. The very fact that the littoral current 
of the United States is so cold — a fact thoroughly 
established — shows how little warmth this current has 
drawn from the neighboring seas. Another fact, men- 
tioned by Captain Maury, bears in a very interesting 
manner upon this peculiarity. He says : " If any 
vessel will take up her position a little to the north- 
ward of Bermuda, and steering thence for the capes 
of Virginia, will try the water-thermometer all the 
way at short intervals, she will find its reading to he 
now higher, now lower ; and the observer will dis- 
cover that he has been crossing streak after streak of 
warm and cool water in regular alternations." Each 
portion maintains its own temperature even in the 
ease of such warm streaks as tliese, all belonging to 
one current. 

Similar considerations dispose of the arguments 
wliich have heon founded on the temperature of the 
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sea-bottom. It has "been proved that the living crea- 
tures which people the lower depths of the sea exist 
under eircumstanees which evidence a perfect uni- 
formity of temperature ; and arguments on the subject 
of the Gulf Stream have heen derived from tlio evi- 
dence of what is termed a minimum thermometer — 
that is, a thermometer which will indicate the lowest 
temperature it has been exposed to — let down into the 
depths of the sea. All such arguments, whether ad- 
duced against or in favor of the Gulf-Stream theory, 
must be held to lie futile, since the thermometer in its 
descent may pass through several sithmai-ine euiTents 
of different temperature. 

Lastly, an argument has been urged against the 
warming effects of the Gulf Stream npon our climate, 
which requires to be considered with some attention. 
It is urged that the warmth derived from so shallow a 
euiTCtit as the Gulf Stream must be, by the time it has 
reached our shores, could not provide an amount of 
heat sufficient to affect our climate to any appreciable 
extent. The mere neighborhood of this water at a 
temperatui-e slightly higher than that due to the lati- 
tude could not, it- is urged, affect the temperature of 
the inland counties at aU. 

This argument is founded on a misapprehension of 
the beautiful arrangement by which Nature carries heat 
from one region to distribute it over another. Over 
the surface of the whole current the process of evapo- 
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ration is going on at a greater rate than over the neigh- 
boring seas, "because the waters of the current are 
■warmer than those which surround them. The vapor 
thus rising above the Gulf Stream is presently wafted 
by the southwesterly winds to our shores and over our 
whole land. But as it thus reaches a region of com- 
parative cold the vapor is condensed — that is, turned 
into fog, or mist, or cloud, according to circumstances. 
It is during this change that it gives oitt the heat it 
has hrought with it from the Gulf Stream. T"or pre- 
cisely as the evaporation of water is a process requiring 
heat, the change of vapor into water — whether in the 
form of ibg, mist, cloud, or rain — is a process in which 
heat is given out. Thus it is that the southwesterly 
wind, the commonest wind we have, brings clouds and 
fogs and rain to na from the Gulf Stream, and with 
them brings the Gulf-Stream warmth. 

Why the southwesterly winds should be so common, 
and how it is that over the Gulf Stream there is a sort 
of air-channel along which winds come to us as if by 
their natural pathway, we have not space here to 
inquire (see p. 183). The subject is fiill of interest, but 
it does not belong to the question we are considering. 

It would seem that a mechanism involving the 
motion of such enormous masses of water as the 
cmrent-system of the Atlantic should depend on tho 
operation of very evident laws. Yet a variety of con- 
tradictory hypotheses have been put forward from time 
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to time respecting tliia system of circulation, and even 
now t!ie scientific world is divided between two o})po3- 
ing tlieorles. 

Of old the Mississippi Kivor was supposed to lie tlie 
parent of tlie Gulf Stream. It was noticed that the 
current flows at about the same rate as the Mississippi, 
and this fact was considered sufficient to support the 
strange theory that a river ea.n give birth to an ocean- 
current. 

It was easy, however, to overthrow this theory. 
Captaiu Livingston showed that the volume of water 
which is poured out of the Gulf of Mexico in the form 
of an ocean-stream is more than a thousand times 
greater than the vohtme poured into the Gulf by the 
Mississippi Eiver. 

Having overthrown this old theoiy of the Gulf 
Stream, Captain Livingston attempted to set up one 
which is equally unfounded. He ascribed the cuiTcnt 
to the eun's apparent yearly motion and the influence 
he exerts on tlie waters of the Atlantic. A sort of 
yeai-ly tide is conceived, according to this theory, to be 
the true parent of the Gulf cun-ent. It need hardly 
be said, however, tliat a phenomenon wliich remains 
without change through the winter and summer seasons 
cannot possibly be referred to the operation of such a 
cause as a yearly tide. 

It is to Dr. Franldiii that "we owe tlie fir.-;t tlieory of 
the Gulf Streain which has met with general acceptance. 
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He held that tlie Gulf Stream is formed by the outflow 
of wiitei's which have been forced iato the Caribbean 
Sea by the trade-winds ; so that tlte pressure of these 
winds on the Atlantic Ocean forms, according to Dr. 
rraiililinj the true motive power of the Gulf-Stream 
iiiachineiy. According to Maury, this theory has 
" come to be the most geueraliy-received opinion in the 
mind of seafaring people." It supplies a moving force 
of undoubted eificieucy. "We tnow that, as the trade- 
winds travel toward tlie equator, they lose their west- 
erly motion. It is reasonable to suppose tliat this is 
caused by friction against tlie surface of the oceai], to 
which, therefore, a cori'osponding westerly motion must 
have been imparted. 

There is a simplicity about Franklin's theoi-y which 
commends it favorably to onr consideration. But 
when we examine it somewhat more closely, several 
very decided flaws present themselves to our attention. 

Consider, in the first place, the enormous mass of 
water moved by the supposed agency of the winds. 
Air has a weight — volume for volume — which is less 
than one eight-hundredth part of that of water. So 
that, to create a water-current, an air-current more 
than eight hundred times as large and of equal velocity 
must expend the whole of its motion. Now, the trade- 
winds are gentle winds, their velocity scarcely exceed- 
ing in general that of the more swiftly-moving portions 
of the Gulf Stream. I3nt even assigning to them a 
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velocity four times as great, we still want an air-cuvrent 
two hundred times as large as the water-current. And 
the former must giveuptlie whole of its motion, which, 
in the ease of so elastic a snbstance as air, would hai'dly 
happen, , the upper air being unlikely to be much 
affected by the motion of the lower. 

Eut this is far from being all. If the trade-winds 
blew throughout the year, we might he disposed to 
recognize their influence upon the Gulf Stream as a 
paramount, if not the sole one. But this is not the 
case. Captain Maury states that, " with the view of 
ascertaining the average number of days during the 
year that the northeast trade-winds of the Atlantic 
operate upon the cuiTents between 35" north latitude 
and the equator, log-books containing no less than 
380,284 observations on the force and direction of 
the wind in that ocean were examined. The data 
thus afforded were carefully compared and discussed. 
The results show that within these latitudes — and 
on the average — the wind from the northeast is in 
excess of the winds from the southwest only 111 
days out of the 365. Now, can the northeast trades," 
ho pertinently asks, " by blowing for less than one- 
third of the time, cause the Gnlf Stream to run all the 
time, and without varying its velocity either to tlicir 
force or to their prevalence?" 

And besides this, wc have to consider that no part 
of the Gulf Stream flows strictly before the trside- 
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wiudd, "\There tlic eurrent flows most rapidly, namely, 
ill tlie 1^ arrows of Bernini, it sets against the wind, and 
for handreda of miles after it enters the Atlantic, " it 
rnns," says Mam-y, " right in the ' wind's eye.' " It 
must be remembered that a eurrent of air directed 
with considerable force against the surface of still 
water has not tie power of generating a current whicli 
can force its way far through the resisting fluid. If 
this were so, we might understand how tlie cmTcnt, 
originating in sub-tropical regions, could force its way 
onward after the monng force had ceased to act upon 
it, and even carry the watei's of the curi'cnt right 
against the wind, after leaving the Gulf of Mexico. 
But experience is wholly opposed to tliis view. The 
most energetic currents are quickly dispersed when 
they reach a wide expanse of still water. For example, 
the Niagara below the falls is an immense and rapid 
river. Tet when it reaches Lake Ontario, " instead of 
preserving its character as a distinct and well-defined 
stream for several luindred miles, it spreads itself out, 
and its waters are immediately lost in those of the 
lake," Here, again, the question asked by IMaury 
beare pertinently on the subject we are considering, 
" "Why," lie says, " should not the Gulf Stream do tlie 
same? It gi-adually enlarges itself, it is true; but, 
instead of mingling witii the ocean by broad spread- 
ing, as the immense rivers descending into the northern 
lakes do, its waters, like a stream of oil in the ocean, 
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presei've a distinctive cliaraetcr for more tliiiii tliree 
til oil a and miles." 

The only other theory wliieh has been considered in 
recent times to account satisfactorily for all the features 
of the Gulf-Stream mechaniem was put foi-\?ard, we 
believe, by Captain Maury. In this theory, the motive 
power of the whole system of oceanic circulation ia 
held to be the action of the sun's heat upon the waters 
of the sea. "We recognize two contrary effects as the 
immediate results of the sun's action. In the first 
place, by warming the equatorial waters, it tends to 
make them lighter; in the second place, by causing 
evaporation, it renders them salter, and so tends to 
make them heavier. We have to inquire which form 
of action is most effective. The inquiry would bo some- 
what difficult, if we had not the evidence of the sea 
itself to supply an answer. For it is an inquiry to 
which ordinai-y experimental processes would not be 
applicable. We must accept the fact that the heated 
water from the eqiiatonal seas actually does float upon 
tlie cooler portions of the Atlantic, as evidence that the 
action of the sun results in making the water lighter, 

Kow, Maury says that the water thus lightened 
must flow over and fonn a suiface-current toward the 
Poles ; while the cold and heavy water from the polar 
seas, as soon as it reaches the temperate zone, must 
sink and fonn a submai'ine eun-ent. He recognizes in 
these facts the m.ainspi-ing of tho whole system of 
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oceanic cirenlation. It' a long troiigli be divided into 
two compartments, and we till one witli oil and tlie 
other witli water, and tlien remove the dividing plate, 
we shall see the oil rushing over the water at one end 
of the trough, and the water rushing under the oil at 
the other. And if we further conceive that oil is eoii- 
tim'ally being added at that end of the trough origi- 
nally filled with oil, while water is continually added 
to the other, ifc is clear that the system of currents 
would continue in action : that is, there would be a 
continual flow of oil in one direction along the surface 
of the water, and of water in the contrary direction 
underneath the oil. 

But Sir John Ilerschcl maintaina that no snch 
effects as Maury describes could follow the action of 
the sun's heat upon the equatorial waters. He argues 
thus: Granting that these waters becojne lighter and 
expand in volume, yet they can only move upward, 
downward, or sideways. There can be nothing to 
cause either of the hrat two forma of motion; and as 
for motion sideways, it can only result from the 
gradual slope caused by the bulging of the equatorial 
watei"3. He proceeds to show that this slope is so 
slight that we cannot look upon it as competent to 
form any sensible current from the equatorial toward 
the polar seas. And even if it could, he says, the 
water thus flowing off would have an eastward instead 
of a westward motion, precisely as the counter-tradc- 
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wiiidal blowing from equatorial to polar regions, have 
an eastwai'd motion. 

It is singulai'how completely the supporter of each 
rival view has succeeded in overtbromng the argu- 
ments of Ma opponent. Certainly ■ MauiT' has shown 
with complete success that the inconstant trade-winds 
cannot account for the constant Gulf current, whicli 
does not even flow before them, but, in places, exactly 
against their force. And the reasoning of Sir John 
Herschel seems equally cogent, for certainly the flow 
of water from equatorial toward polar regions ouglit 
from the first to have an eastward, instead of a west- 
wai'd motion ; whereas the equatorial cun-ent, of which 
the Gulf Stream is but the continuation, flows from 
east to west, right across the Atlantic. 

Equally strange is it to find that each of those emi- 
nent men, having read the arguments of the other, 
reasserts, but Aoes not effectually defend, his own 
theory, and repeats with even more damaging effect 
his arguments against the rival view. 

Yet one or other theory must at least point to the 
true view, for the Atlantic is subject to no other agen- 
cies which can for a moment be held to account for a 
phenomenon of such magnificence as the Gulf Stream. 

It appears to us that, on a close examination of the 
Gulf-Stream mechanism, the true mainspring of its 
motion can be recognized. Compelled to reject tlio 
theory that the trade-winds generate the equatorial 
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current westward, let us consider whether HersclieTs 
arguments against the "heat-theory" may not eiiggeet 
a hint for our gaidance. He points out that an over- 
flow from the equator poleward would result in an 
eastward, and not in a westward current. Thia is 
true. It is equally true that a flow of water toward 
the equator would result in a westwai'd eurrent. But 
no such flow is observed. Is it possible that tlicre may 
he such a flow, but that it talies place in a hidden 
manner? Clearly there may he. Sub-marine currents 
toward the equator would have precisely the kind 
of motion we require, and, if any cause drew them to 
the surface near the equator, they would account in 
full for the great equatorial westward current. 

At this point we hegin to see that an important 
circumstance has been lost sight of in dealing with the 
heat-theory. The action of the sun on tlie suiface- 
water of the equatorial Atlantic has only heen con- 
sidered with reference to its warming effects. But we 
must not forget that this action has drying effects also. 
It evaporates enormous quantities of water, and we 
have to inquire whence the water comes hy which the 
sea-level is maintained. A surface-flow from the sub- 
tropical se^ would suffice for this purpose, but no such 
flow is observed, "Whence, then, can the water come 
but from below ? Thus we recognize the fact that a 
process resembling suction is continually taking place 
over tlie whole area of the equatorial Atlantic, tlie 
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agent being the intense lieat of the tropiciil sun. Wo 
one can doubt tbat this agent is one of adeqtiate powei'. 
Indeed, tlie winds, conceived by Franklin to be the 
primary cause of the Atlantic currents, ai'e ia reality 
due to the merest fraction of the energy inherent in 
the sun's heat. 

We have other evidence that the indraught is from 
below, in the comparative coldness of the equatorial 
current. The Gulf Stream is warm by comparison 
"witli the surrounding waters, but the equatorial cur- 
rent is cooler than the tropical seas. According to 
Professor Ansted, tlie sonthern portion of the equa- 
torial current, as it flows past Brazil, " ia everywhere a 
cold cun-ent, generally from four to six degrees below 
the adjacent ocean." 

Having once detected tlie mainspring of the Gulf- 
Stream mechanism, or rather of the whole system of 
oceanic circulation — for the movements observed in the 
Atlantic have their exact counterpart in the Pacific — 
we have no difficiilty in accounting for all the motions 
which that mechanism exhibits. "Wo need no longer 
look upon the Gulf Stream as the rebound of the 
equatorial cuiTent from the shores of North America. 
Knowing that there is an undei^ow toward the 
equator, we see that there must be a eurface-flow 
toward the Poles. And this flow must as inevitably 
result in an easterly motion, as the underflow toward 
the equator results in a westerly motion. 'Wo have, 
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indeedj the phenomena of the trades and counter-trades 
exhibited in water-cuirenta instead of air-cuiTents. 

(From SI. Fail's, September, ISI19,)' 



FLOODS IN SWITZERLAND. 
DritisG the past few weeks we hare witnessed a suc- 
cession of remarkable evidences of Nature's destructive 
powers. The fires of VesuviuSj the earth-throes of the 
6ub-ecLuatorial Andes, and the submarine disturbance 
which has shaken Hawaii, have presented to us the 
varions forms of destructive action which the earth's 
subterranean forces can assume. In the disastrous 
floods which have recently visited the Alpine cantons 
of Switzerland, we have evidence of tlie fact that 
natural forces which we are in the habit of regarding 
as beneficent and restorative may exhibit themselves 
as agents of the most wide-spread desti-uction. We 
have pointed out elsewhere (see p. 349) how enormous 
is the amount of power of which the rain-cloud is the 
representative; and in doing so we have endeavored 
to exhibit the contrast between the steady action of 
the falling shower and the energy of the processes of 
which rain is in reality the equivalent. But in the 
floods which have lately ravaged Switzerland we see 
the same facts illustrated, not by numerical calcula- 
tions or by the results of philosophical experunents, 
» Sec also Tl^s Sludciii for July, 1858. 
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but in action, and tliat action tating place on the most 
widely-extended scale. The wliole of the southeastern , 
or, as it may be termed, the Alpine half of Switzer- 
land, liaa suffered from these floods. If a line be 
drawn from the Lake of Constance, in the northeast 
of Switzerland, to the Col de Balme, in the south- 
west, it will divide Switzerland into two nearly eqnal 
portions, and scarcely a canton within the eastern of 
these divisions has escaped without great damage. 

The cantons which have suifered most terribly are 
those of Tessin, Gnsons, and St. Gall, The St. 
Gothard, Splugen, and St. Bernhardin routes, have 
been rendered impassable. Twenty-seven lives were 
lost in the St. Gothard Pass, besides horses and wagons 
full of merchandise. It is stated that on the three 
routes npward of eighty persons perished. In the 
village of Loderio alone, no less than fifty deaths oc- 
curred. So terrible a flood has not taken place since 
the year . 1834. Nor have the cantons of Uri and 
Valais escaped. From Tlnterwalden we hear that the 
heavy rains which took place a fortnight ago hare 
carried away several large bridges, and many of the 
rivers continue still very swollen. We have already 
described how enormous tlie material losses are wliich 
have been caused by these floods. Many places are 
nnder water; others in ruins or absolutely destroyed. 
In Tessin alone the damage is estimated at forty thou- 
Eand pounds sterling. 
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A country like Switzerland mnst always be liable 
to the occurrence, from time to time, of eataatroplios 
of tbia sort. Or ratlier, perhaps, we should draw a 
distinction between the two divisiona of Switzerland 
referred to above. Of these tbe one may be termed 
the mountain liaif, and the other tbe lake half "of the 
country. It is the former portion of the countiy 
which is principally subject to tbe dynanHcal action 
of water. A long-continued and heavy rainfall over 
tbe higher lands cannot fail to jiroduce a variety of 
remarkable effects, where tbe arrangement of moun- 
tains and passes, bills, valleys, and ravines, is so com- 
plicated. There are places where a large volume of 
water can accumulate until the barriers wbicb have 
opposed its passage to tbe plains burst under its in- 
creasing weight ; and then follow those destructive 
rashes of water which sweep away whole villages at 
once. It is, in fact, the capacity of tbe Swiss moun- 
tain-region for damming up water, far more tlfan any 
other circumstance, which renders the Swiss floods so 
destmetive. 

And then it must be remembered that there are at 
all times suspended over tbe plains and valleys which 
lie beneath tbe Alpine ranges enormous masses of 
water in tbe form of snow and ice. Although in gen^ 
eral these suffer no changes but those due to tbe par- 
tial melting which takes place in summer, and the re- 
newed accumulation which takes place in winter, yet 
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when heavy rains fall upon the less elevated portions 
of the Alpine snow, they not only melt that enow 
much more rapidly than the summer sun would do, 
but they wash down large masses, which add lai^ely 
to the destructive power of the descenfiing waters. 

The most destructive floods which have occurred in 
Switzerland have usually heen those which take place 
in early summer. The floods which inundated the 
plains of Martigny in 1818 were a remarkable instance 
of the effects which result from the natural damming 
up of lai-ge volumes of water in the upper parts of the 
Alpine hill -country. The whole of the valley of 
Bagnes, one of the largest of tlie lateral branches of 
the main valley of the Ehone above Geneva, was con- 
verted into a lake, in the spring of 1818, by the dam- 
ming up of a narrow pass into which avalanches of 
enow and ice had been precipitated from a lofty glacier 
overhanging the bed of the river Dranse. The icy 
barrier enclosed a lake no less than half a league in 
length and an eighth of a mile wide, and in places 
two hundred feet deep. The inhabitants of the neigh- 
hoi'ing villages were terrified by the danger which was 
to be apprehended from the bursting of the barrier. 
They cut a gallery seven hundred feet long through 
the ice, while the waters had as yet risen to but a 
moderate height ; and when the waters began to flow 
through this channel, its course was deepened by the 
melting of the ice, and at length nearly half the con- 
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tents of the lake were safely can-ied off. It was hoped 
that the proeeas would eontinuo, and the country he 
saved from the danger which had been so long im- 
pending over it. But as the heat of the weather in- 
creased, the central part of the harrier elowly melted 
away, until it became too weak to bear the enormous 
weight of water which was pressing against it. At 
length it gave way, so suddenly and completely that 
all the water which remained in the lake rushed out in 
half an hour. The downward passage of the water 
illustrated, in a very remarkable way, the fact that the 
chief mischief of floods is occasioned where water is 
cheeked in its outflow. For it is related that, " in the 
course of their descent the waters encountered several 
nan-ow gorges, and at each of these they rose to a 
great height, and then burst with new violence into 
the nest basin, sweeping along forests, houses, bridges, 
and cultivated land." Along the greater part of its 
com'se the flood resembled rather a moving mass of 
rock and mud than a stream of water. Enormous 
masses of granite were torn out of the sides of the 
valleys and whirled for hundreds of yai-ds along the 
course of the flood. M. Escher relates that one of the 
fragments thus swept along was no less than sixty 
yards in circumference. At first the water rushed 
onward at a rate of more than a mile in three minutes, 
and the whole distance (forty-live miles) which sepa- 
rates the valley of Bagnes from the Lake of Geneva 
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was traversed in little more than six hours. The 
bodies of persons who had been drowned in Martigny 
were found Hoating on the fiii'ther side of tlie Lake of 
Geneva, near Tevey. Thoueanda of trees were torn 
up by the roots, and the ruins of buildings which had 
been overthrown by tiie flood were carried down be- 
yond Martignj. In fact, the flood at this point was 
so high that some of the houses in Martiguy "were 
filled with mud up to the second story." Beyond 
llartigny the flood did hut little damage, as it here 
expanded over the plain, and was at once reduced in 
depth and velocity. 

(From tlie Saibi Ncojs far October 20, 1S68.) 



A GREAT TIDAL WAVE. 

DuiiiNG the last few days anxious questionings have 
been heard respecting the next spring tides. A certain 
naval officer, who conceives that he can trace in the 
i-elative positions of the aun and moon the secret of 
every important change of weather, h^ described in 
the columns of a contemporary the threatening signifi- 
cance of the approaching conjunction of the sun and 
moon. He predicts violent atmospheric disturbances; 
though in another place he tells us merely that tho 
conjunction is to cause " unsettled weather," a state of 
matters to winch we in England have become tolerably 
well accustomed. 
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33i.it people are aaliing what is tlie actual relation 
■which is to bring about such terrible events. The 
matter is very simple. On October 6th, the moon will 
be new — in other words, if it were not for the bright- 
ness of the sun, we should see the moon close by that 
luminary on the heavens. Thus the sun and moon 
will puU with combined effect npon the waters of the 
eaiih, and so cause what are called spring tides. This, 
of course, happens at the timo of every new moon. 
But sometimes the moon exerts a more effective puH 
than at other times ; and the same happens also in the 
ease of the sxin ; and on October 5th, it happens that 
both the sun and the moon will give a particularly 
vigorous haul upon the earth's waters. As regards 
the sun, there is nothing nnnsual. Every October hia 
pull on the ocean is much tlie same as in preceding 
Octobers. But October is a month of high solar tides 
— and for these reasons : In September, as every one 
knows, tlie sun crosses the equinoctial; and other 
things being equal it would be when on the equinoctial 
that his power to raise a tidal wave would be greatest. 
But other things are not equal ; for the sun is not 
always at a fixed distance from the earth. He ia 
nearest in January; so that he would exert more 
power in that month than in any other if his force 
depended solely on distance. As matters actually 
stand, it will be obvions that at some time between 
September and January tho f-im's tidal power would 
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have a maximum value. Thus it is that October is a 
month of high solar tidal waves. 

But is it the lunai- wave which will be most efieotive- 
ly strengthened at the next spring tide. If we could 
watch the lunar tidal wave alone (instead of always 
finding it combined with the solar wave) we should 
find it gradually increasing, and then gradually dimin- 
ishing, in a period of about a lunar month. And we 
should iind that it was always largest when the moon 
loohed largest, and vice 'versa. In other words, when 
the moon is in perigee the lunar wave is largest. But 
then there is another consideration. The lunar wave 
would vary according to the moon's proximity to the 
equinoctial; and (other things heing equal) would be 
laj^est when the moon is exactly opposite the earth's 
equator. If the two effects are combined, that is, if 
the moon happens to be in perigee and on the equi- 
noctial at the same time, then of course we get the 
largest lunar tidal wave we can possibly have. 

Now, this "largest lunar wave" occurs at some- 
what long intervals, hecause the relation on which it 
depends is one which ie, bo to speak, exceptional. 
Still the relation does recur, and with a certain degree 
of regularity. When it happens, however, it by no 
means follows that we have a very high tide ; because 
it may occur when the tides are near " neap ; " in 
other words, when the snn and moon esert opposing 
effects. The larstest limr.r wave oannot. stand tlio 
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drain wliieb tlie solar wave exerts upon it at the time 
of neap tides. Nor would the large lunar tidal wave 
produce an exceptionally high tide, even though it 
were not the time of "neap," or were tolerably near 
the time of "spring" tides. Only when it happens 
that a large lunar wave combines fully with the solar 
wave do we get very high tides. And when, in ad- 
dition to this relation, we have the solar wave nearly 
at a maximum, we get the highest of all possible tides. 
This is what will happen, or all but happen, on Octobor 
6th next. The combination of circumstances is almost 
the most effective that can possibly exist. 

But, after all, high tides depend very importantly 
on other considerations than astronomical ones. Host 
of us remember how a predicted high tide some two 
years ago turned out to be very moderate, or, if we 
may use the expression, a verj' "one-horse" affair 
indeed, because the winds had not been consulted, and 
exerted their influence against the astronomers. A 
long succession of winds blowing off-shore would re- 
duce a spring tide to a height scarcely exceeding tlie 
ordinaiy neap. 'On the other hand, if we should have 
a long succession of westerly winds from the Atlantic 
before the approaching high tide, it is certain that a 
large amount of mischief may be done in some of onr 
river-side regions.* 

As for the predicted weather changes, they may bo 
* The ivavc did littlo mi^chiof. 
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regarded as mere moonshine. A number of predictions, 
founded on the motions of the sun and moon, have 
found a place during many months past in t]ie columns 
of a contemporary; but there has been no greater 
agreemejit between these predictions and the weather 
actually experienced than any one could trace between 
Old More's weather prophecies and recorded weather 
changes. In otlier words, there have been certain 
accordances which would be very remarkable indeed 
if they did not happen to be associated with as many 
equally remarkable discordances. Random predictions 
would be quite as satisfactory, 

A very amusing misprint lias found its way into 
many newspapers in connection with the coming tide. 
It is mteresting as serving to show how little is 
really known by the general public about some of the 
simplest scientitic matters. The original statement 
announced that the sun would not be in perihelion by 
so many seconds of semi-diameter, in itself a very in- 
correct mode of expression. Still it was clear that 
what was meant was, that the earth would be so far 
I'rom the place of nearest approach to the sun that the 
latter would not look as large as it possibly can by 
so many seconds of semi-diameter. In many papei^, 
however, we read that the " sun will not be in perihe- 
lion by BO many seconds of mean chronometer ! " Who 
first devised this marvellous reading is unknown— ho 
tbould have a statue. 

{From tho DmhjXeKn for Sc>ptcmVn>r 37, IRCO.) 
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DEEP-SEA ESEDG/JVUS. 

Mkn liavo ever been strangely charmed l)y tlie 
unknown and tlie seemingly inaccessible. The as- 
tronomer exhibits the influence of this ehaim as he 
constructs larger and larger telescopes, that he may 
penetrate more and more deeply beyond the veil which 
conceals the greater part of the univerae from the 
■unaided eye. Tlie geologist seeking to piece together 
the fragmentary records of the past which the earth's 
surface presents to him, is equally influenced by the 
chai'ni of mystery and difficulty. And tlie microsco- 
pist who tries to force from Nature the secret of the infi- 
nitely little, is led on by the same strange desire to 
discover just those matters which Kature has been most 
careful to conceal from ns. 

The energy with which in recent times men have 
sought to master tlie problem of deep-sea sounding 
and deep-sea dredging is, perhaps, one of the most 
striking instances ever afforded of the chami wloich the 
unknown possesses for mankind. Not long ago, one of 
tlie moat eminent geographers of the sea spoke regret- 
fully about the small knowledge men have obtained of 
the depths of ocean. "Greater difficulties," he re- 
mai'ked, " than any presented by the problem of deep- 
sea research have been overcome in other branches of 
physical inijuiry. Astronomers have measured the 
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volumea and weighed the masaea of tlio most distant 
planeta, and increased tliereby the stock of human 
knowledge. Is it creditahle to the age that the deptlia 
of the Bea should remain in the category of unsolved 
problems ? that its ' ooze and bottom ' should be a 
sealed Tolame, rich with ancient and eloquent legends, 
and suggestive of many an instructive lesson that 
might be useful and profitable to man ? " 

Since that time, however, deep-sea dredging has 
gradually become more and more thoroughly under- 
stood and mastered. Keeently, when the telegraphic 
cable which had lain so many months at the bottom 
of tljo Atlantic was hauled on hoard the " Great 
Eastern " from enormous depths, men were surpi-ised 
and almost startled by the narrative. Tlie appearance 
of the ooze-covered cable as it was slowly raised 
toward the surface, and the strange thrill which ran 
through those who saw it and remembered through 
what mysterious depths it had twice passed; its break- 
ing away almost from tlie very hands of those who 
sought to draw it on board ; and the successful re- 
newal of the attempt to recover the cable — all these 
things were heard of as one listens to a half-incredible 
tale. Yet when that work was accomplished deep-sea 
dredging liad already been some time a science, and 
many things had been achieved by its professors which 
presented, in reality, greater practical difficulties than 
the recovery of the Atlantic Cable. 
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lieeeiitly, liowever, deep-sea researches have been 
carried on with results which are even more sensa- 
tional, so to apeak, than the grappling feat -whicli so 
surprised us. Seas so deep that many of the loftiest 
summits of tlie Alps might be completely buried be- 
neath them have been explored. Dredges weigliing 
with their load of mud nearly half a ton have been 
hauled up without a hitch from depths of some 14,000 
feet. But not merely has comparatively rough work 
of this sort been achieved, but by a variety of ingenious 
contrivances men of science have been able to measure 
the temperature of the sea at depths where the press- 
nre is so enormous as to be equivalent to a weight of 
more than 430 tons on every square foot ot surface. 

The results of these researches are even more re- 
markable and surprising, however, than the means by 
which they have been obtained. Sir Charles Lyell 
has fairly spoken of them as so astonishing " that they 
have to the geologist almost a revolutionary character." 
Let us consider a few of them. 

ISo light can be supposed to penetrate to the enor- 
mous depths just spoken of. Therefore, how certainly 
we might conclude that there can be no life there t If, 
instead of dealing with the habitability of planets, 
"Whewell, in ins "Plurality of "Worlds," had been 
considering the question whether at depths of two or 
three miles living creatures could subsist, Iiow con- 
vincingly would Le have proved the absurdity of such 
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a supposition ! Intense cold, perfect darkness, and a 
persistent pressure of two or three tons to the square 
inch — such, he might have argued, are tlie con- 
ditions nnder which life exists, if at all, in those 
dismal depths. And even if he had heen disposed to 
concede the bai-e possibility that life of some sort may 
■ be found there, then certainly he would Lave urged, 
some new sense mtist replace sight — the creatures in 
these depths can assuredly have no eyes, or only rudi- 
mentary ones. 

But the recent deep sea-dredging have proved that 
not only does life exist in the very deepest parts of 
the Atlantic, but that the beings which live and move 
and have then' being beneath the tliree-mile mountain 
of water have eyes which the ablest naturalists pro- 
nounce to be perfectly developed. Light, then, of 
some sort must exist in those abysms, though whether 
the home of the deep-sea animals be phosphorescent, 
as Sir Charles Lyell suggests, or how light may reach 
these creatures, we have no present means of deter- 
niining. 

If there is one theory ivliieh geologists have 
thought more justly founded than all others, it is the 
view that the various sti'ata of the earth were formed 
at different times. A chalk district, for example, lying 
side by side with a sandstone district, has been referred 
to a totally different era. Whether the chalk was 
formed first, or whether the sandstone existed before 



3d b, Google 



104 LIGHT SCIENCE l.-QK LEISURE HOURS. 

tlie minute races came into bQing wHcIi formed tho 
cretaceous stratnm, might be a qaeation. But no 
doiitt exiated in tho minda of geologists tliat each 
formation belonged to a distinct period. Now, how- 
ever, Dr. Carpenter and Professor Thomson may 
fairly say, " "VVe have changed all this." It has 
been found that at points of the sea-bottom only eiglit 
or ten miles apart, tliere may be in progress the 
formation of a cretaceous deposit and of a sandstone 
region, each with its own pi-oper fauna. " Wherever 
similar conditions are found upon the dry land of tho 
present day," remarks Dr. Carpenter, " it has been 
supposed that the formation of chalk and the for- 
mation of sandstone must have been separated from 
each other by long periods, and the discovery that 
they may actually coexist upon adjacent surfaces has 
done no Jess than strike at the very root of the 
customary assumptions with regard to geological 
time."* 

Even more interesting, perhaps, to many, are the 
rcstdts which have been obtained respecting the vary- 
ing temperatures of deep-sea regions. The peculiarity 
just considered is, indeed, a consequence of such varia- 
tions ; but the fact itself is at least as interesting as 
the consequences which flow from it. It throws light 

* This opinion Dr. Carpenter has eiaco somcwliat modified. It will 
be remembered, of courae, that the evidence derived from the nature of 
Eiiperposod strata is in no wiy affected by what is siion-n above to hold 
as respects adjacent deposits. 
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on tli6 long-standing controversy respecting tlie oceanic 
circulation. It lias been found tliat tlie depths of tlic 
equatorial and tropical Beaa are colder than those of the 
North Atlantic. In the tropics the deep-sea tempera- 
ture is considerably below the freezing-point of fresh 
water; in the deepest part of the Bay of Biscay the 
temperature is several degrees above the freezing-point. 
Thus one learns that the greater part of the water 
which lies deep below the surface of the equatorial and 
tropical seas comes from the Antarctic regions, though 
undoubtedly there ai-e certain relatively narrow 
currents which cari'y the waters of the Arctic seas to 
the tropics. Tlie great . point to notice is that the 
water under the equatorial seas must really have 
travelled from polar regions. A cold of 30° can be 
explained in no other way. "VVe see at once, therefore, 
the explanation of those westerly equatorial currents 
which have been so long a subject of contest. Sir 
John Ilereeliel failed to prove that they are due to the 
trade-winds, but Maury failed equally to prove that 
they are due to the great warmth and consequent 
buoyancy of the equatorial waters. In fact, while 
Maury showed very convincingly that the great system 
of oceanic circulation is carried on despite the winds, 
Hei'schel proved in an equally convincing manner that 
the ovei'flow conceived by Maury should result in an 
easterly instead of a westerly current. Heeently the 
theory wsis put forward that the contimiul process of 
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evaporation going on in the equatorial regions leads to 
an indranglit of cold water in bottom-currents from 
the polar seas. Such cun-ents coming towa/rd the 
equator, that is, travelling from latitudes where the 
earth's eastwardly motion is less to latitudes in which 
that motion is greater, would lag behind, that is, would 
have a westwardly motion. It seems now placed 
bejond adonbt that this is the true explanation of the 
equatorial ocean -currents. 

Such ai'e a few, and but a few, ainong the many 

interesting results which have followed from the recent 

researches of Dr. Carpenter and Professor Thomson 

into the hitherto little known. depths of the great sea. 

(From the SpecltUo^; Deeeciber 4, 1869.) 



THE TUNNEL THROUGH MONT C£NIS. 

Men flash their messages aeroas mighty continents 
and beneath the bosom of the wide Atlantic; they 
weigh the distant planets, and analyze the sun and the 
stars ; they span ^Niagara with a railway bridge, and 
pierce the Alps with a railway tunnel : yet the poet of 
the age in which all these things are done or doing 
sings, " "We men are a puny race." And cei'tainly, 
the great works which belong to man as a race can no 
more be held to evidence the importance of the indi- 
vidual man than the vast eorai reefs and atolls of the 
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raoifle can he held to evidence the worhing-power of 
the individual coral polype. But if man, standing 
alone, is weak, man working according to the law 
assigned to his race from the beginning — that is, in 
fellowship with his kind — is verilj' a being of power. 

Perhaps no work ever undertalten hy men sti'ikes 
one as more daring than the attempt to pierce the Alps 
with a tunnel. ^Nature seems to have upreared these 
mighty baniers as if with the design of showing man 
how weak he is in her presence. Even the armies of 
Hannibal and ifapoleon seemed all but powerless in 
the face of these vast natural fastnesses. Compelled 
to creep slowly and cautiously along the difficult and 
narrow ways which alone were open to them, decimated 
by the chilling blasts which swept the face of the rug- 
ged mountain-range, and dreading at every moment 
the pitiless swoop of the avalanche, the French and 
Carthaginian troops exhibited little of the pomp and 
dignity which we are apt to associate with the opera- 
tions of warlike armies. Had the denizen of some 
otherplanetbeenable to watch their progress, he might 
indeed have said, " These men are a puny race." In this 
only, that they succeeded, did the troops of Hannibal 
and Napoleon assert the dignity of the human race. 
Grand as was the aspect of Nature, and mean as was 
that of man during the progress of the contest, it was 
Nature that was conquered — man that overcame. And 
now man has entered on a now conflict with Nature in 
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t!ie gloomy fastnesses of the AJps, The barriei" wbicli 
lie had sealetl of old lie lias now undertaken to pieroe. 
And the work— bold and darhig as it seems— is three 
parts finished. 

The Mont Cenis tunnel was sanctioned by the Sar- 
dinian Government in. 1857, and arrangements were 
made for fixing the perforating maehineiy in the years 
1858 and 1859. But the work was not actually com- 
menced until JSTovember, 18S0, The tunnel, which 
win be fully seven and a half miles in length, waa to 
be completed in twenty-five years. The entrance to 
the tunnel on the side of France is near the little village 
of Fourneau, and lies 3,946 feet above the level of tlie 
sea. The entrance on the side of Italy is in a deep 
valley at Bardon^che, and lies 4,380 feet above the sea- 
level. Thus there is a difference of level of 434 feet. 
But the tunnel will actually rise 445 feet above the 
level of the French end, attaining this height at a dis- 
tance of about four miles from that extremity ; in the 
remaining three and three-quarter miles there will be 
a fall of only ten feet, so that this part of the line will 
be practically level. 

The rocks through which the excavations have been 
made have been for the most part very difficult to work. 
Those who imagine that the great mass of our moun- 
tain-ranges consists of such granite as is made use of in 
our buildings, and is uniform in texture and hardness, 
greatly nnderrato the difficulties with which the engi- 
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neers of this gigantic work have had to contend, A 
large part of the rock consists of a crj'staHized cal- 
careous schist, moch broken and contorted; and 
through this rock run in every direction large masses 
of pure quartz. It will be conceived how difficult tiie 
work has been of piercing through bo diversified a sub- 
stance as this. The perforating machines are calculated 
to work best when the resistance is uniform ; and it 
has often happened that the unequal resistance offered 
to the perforators has resulted in injury to the chisels. 
But before the work of perforating began, enormous 
difficulties had to be contended with. It will be un- 
derstood that, in a tunnel of such vast length, it was 
absolutely necessary that the perforating processes 
carried on from the two ends should be directed with 
the most perfect accuracy. It has often happened in 
short tunnels that a want of perfect coincidence has 
existed between the two halves of the work, and the tun- 
iiellers from one end have sometimes altogether failed 
to meet those from the other. But in a short tunnel 
this want of coincidence is not veiy important, because 
the two interior ends of the tunnellings cannot in any 
case be far removed from each other. But in the case 
of the Mont Oenis tunnel any inaccuracy in the direc- 
tion of the two tunnellings would have been fatal to 
the success of the work, since when the two ought to 
meet it might be found tliat they were laterally sepa- 
rated by two or three hundred yards. Hence it was 
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neci^sary, before tlie "work iDegan, to survey tlie interme- 
diate country, bo as to ascertain with tlie most perfect 
accuracy the bearings of one end of the tunnel from 
the other. " It was necessary," says the narrative of 
these initial labors, "to prepare accurate plana and 
sections for the determination of the levels, to fix the 
axis of the tunnel, and to 'set it out' on the mouutain- 
tcfp ; to erect observatories and guiding-signals, solid, 
substantial, and true." "When we remember the na- 
ture of the passes over the Oenis, we can conceive 
the difiiculty of setting out a line of this sort over the 
Alpine range. The necessity of continually climbing 
over roots, ravines, and precipices in passing from 
station to station involved difficulties ■which, great as 
they ivere, were as nothing when compared with the 
diiSculties resulting from the bitter weatlier experi- 
enced on those rugged mountain-heights. The tem- 
pests which sweep the Alpine passes — the ever-recur- 
ing storms of rain, sleet, and driving snow, arc trying 
to the ordinary traveller. It will be understood, there- 
fore, how terribly they must have interfered with the 
delicate processes involved in surveying. It often 
happened that for days togetlier no work of any sort 
could be done owing to the impossibility of using levels 
and theodolites when exposed to the stormy weather 
and bitter cold of these lofty passes. At length, how- 
ever, the work was completed, and that with such 
success that the greatest deviation from exactitude was 
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^ess than a ainjfle foot for the wliolo length of tlic seven 
and a half miles. 

Equally remarkable and extensive were the labors 
connected with the preparatory works. 3^ew and solid 
roads, bridges, canals, magazines, workshops, forges, 
furnaces, and machinery, had to be constructed ; resi- 
dences had to be built for the men, and offices for the 
engineers ; in fact, at each extremity of the tunnel a 
complete establishment had to be formed. Those who 
have traversed Mont Cenis since the works began have 
been perplexed by the strange appearance and charac- 
ter of the machinery and establishments to be seen at 
itodane and Fourneau. The mass of pipes and tubes, 
tanks, reservoirs, and machinery, which would be mar- 
vellous anywhere, lias a etill stranger look in a wild 
and nigged Alpine pass. 



TORNADOES. 

TuE inhabitants of the earth are subjected to agen- 
cies which — beneficial doubtless in the long-run, perhaps 
necessary to the very existence of terrestrial races — 
appear, at first sight, energetically destructive. Such 
are — in order of destructiveness — the hurricane, the 
earthqualie, tlie volcano, and the thunder-storm. When 
we read of earthquakes such as those which overthrew 
Lisbon, Calko, and Riobamba, and learn that one 
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hundred tliousand persons fell Tictims in the great 
Sicilian earthquake in 1693, and probably three hun- 
dred thdueand in the two earthqualses which assailed 
Antioch in the years 526 and 613, we are disposed to 
assign at once to this devasting phenomenon the fore- 
most place among the agents of destruction. But this 
judgment must be reversed when we consider that 
earthquakes— til ough so fearfully and suddenly destrne- 
tive both to life and property — ^j'et occur but seldom- 
compared with wind-storms, while the effects of a 
real hun-icane are seai'cely less destructive than those 
of the sharpest shocta of earthquake. After ordinary 
Btonns long miles of the sea-coast are strewn with the 
wrecks of many once gallant ships, and with the bodies 
of their hapless crows. In the spring of 1866 there 
might be seen at a single view from the heights near 
Plymouth twenty-two shipwrecked vessels, and this 
after a storm, which, though severe, was but trifling 
compared with the hurricanes which sweep over the 
torrid zones, and thence — scarcely diminished in force — 
aa far north sometimes as our own latitudes. It was 
in soch a hurricane that the "Royal Charter" was 
wrecked, and hundreds of stout ships with her. In the 
great hurricane of 1780, which commenced at Earba- 
does and swept across the whole breadth of the Korth 
Atlantic, fifty sail were driven ashore at the Bermudas, 
two line-of-battle ships went down at sea, and upward 
of twenty thousand persons lost their lives on tlie 
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land. So tremendous was the force of tbis hurricane 
(Captain Maury tells us) that " the bark was blown 
from the trees, and the fruits of the earth destroyed ; 
the very bottom and depths of the sea were uprooted 
—forts and castles were washed away, and their great 
guns carried in the air like chaff; Louses were razed ; 
ships wrecked; and the bodies of men and beasts 
lifted up in the air and dashed to pieces in the storm " 
— an account, however, which (though doubtless 
faithfully rendered by Maury from the authorities he 
consulted) must perhaps be accepted <mm grano, and 
especially with reference to tlie great guns earned in 
the air '* like chaff. " * 

In the gale of August, 1782, all the trophies of 
Lord Eodney's victory, except the " Ardent," were de- 
stroyed, two British sbips-of-the-!ine foundered at sea, 
numbers of merchantmen under Admiral Graves's con- 
voy were wrecked, and at sea alone three thousand 
lives were lost. 

But quite recently a storm far more destructive 
than these swept over the Bay of Bengal. Most of our 
readers doubtless remember the great gale of October, 
1864, in which all the ships in harbor at Calcutta 
were swept from their anchorage, and driven one upon 
another in inextricable confusion. Fearful as was the 

• We ceraeniber to have road that in this hurricine guns nLLcIv had 
long lain, under water wero washed up like mere drift upon the beach. 
Perhaps thia circiuostance grew gradually into the incredible Btorj 



3d b, Google 



174 LIGHT SCIESCE FOR LEISUEE HOUHa 

3os3 of life and property in Calcutta harbor, tlie de- 
struction on land waa greater, A vast wave swept 
for milea over the surrounding country, einbantmentg 
were destroyed, and whole villages, with theii- inhab- 
itants, were swept away. Fifty thousand souls, it is 
believed, perished in this fearful hurricane. 

The gale which has just ravaged the Gulf of Mexi- 
co adds another tQ the long list of disastrous hurri- 
canes. As we write, the effects produced by this 
tornado are beginning to be made Icnown. Already 
its destructive ness has become but too eei'tainly evi- 
denced. 

The laws which appear to regulate the generation 
and the progress of cyclonic stonns are well worthy 
of careful study. 

The regions cliiefly infested by hurricanes are the 
West Indies, the soutliern parts of the Indian Ocean, 
the Bay of Bengal, and the Cliina Seas. Each region 
has its special hunicane season. 

In the "West Indies, cyclones occur principally in 
August and September, when the southeast monsoons 
arc at their height. At the same season the African 
southwesterly monsoons are blowing. Accordingly, 
there are two sets of winds, both blowing heavily and 
steadily from tlie Atlantic, disturbing the atmospheric 
equilibrium, and thus in all probability generating tlie 
great West-Indian hurricanes. The storms thus aris- 
ing show their force first at a distance of about six or 
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seven liundred miles from the eqnator, and far to the 
east of the region in wliich they attain their greatest 
fury. They sweep with a northwesterly course to the 
Gulf of Mexico, pass thence northward, and so to tho 
northeast, sweeping in a wide curve (resembling the 
letter TJ placed tlms c^ around the "West-Indian seas, 
and thenee travelling across the Atlantic, generally 
expending their fury before they reach the shores of 
Western Europe. This course is the storm-tracli (or 
storm- c] as we shall call it). Of the behavior of the 
■winds as they traverse this tracfe, we ehall have to 
speak when we come to consider the peculiarity from 
wliich these storms derive their names of " cyclones" 
and " tornadoes." 

The hurricanes of the Indian Ocean occur at tho 
" changing of the monsoons," " Dming the interreg- 
num," writes Maury, " the fiends of the stonn hold 
their terrific sway." Becalmed often for a day or two, 
seamen hear moaning sounds in the air, forewarning 
them of the coming storm. Then, suddenly, the winds 
break loose from the forces which have for a while con- 
trolled them, and " seem to rage with a fury that 
would break up the fountains of the deep." 

In the T^orth Indian seas hurricanes rage at the 
same season as in the "West Indies. 

In the China seas occur those fearful gales known 
among sailoi-s a^ " typhoons," or " white squalls." 
TIiQsc take place at the changing of the monsoons. 
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Generated, like the West-Indian hurricanes, at a dis- 
tance of some ten or twelve degrees from the equator, 
typhoons sweep— in a curve eimiiar to that followed 
by the Atlantic storms — around the East -Indian 
Archipelago, and the shores of China to the Japanese 
Islands. 

There occur land-atonns, also, of a cyclonic charac- 
ter in the valley of the Mississippi. " I have often ob- 
served the paths of such storms," eays Haary, " through 
the forests of the Mississippi. There the tract of 
these tornadoes is called a ' wind-road,' because they 
make an avenue through the wood straight along, and 
as clear of trees as if the old denizens of the forest had 
been cleared with an axe. I have seen trees three or 
four feet in diameter torn up by the roots, and the top, 
■with its limbs, lying next the hole whence the root 
came." Another wi'iter, wlio was an eye-witness to 
the progress of one of these American land-storms, 
tlius speaks of its destructive effects : " I saw, to my 
great astonishment, that the noblest trees of the forest 
were falling into pieces. A mass of branches, twigs, 
foliage, and dust, moved through the air, whirled on- 
ward like a cloud of feathere, and passing, disclosed 
a wide space filled with broken trees, naked stumps, 
and heaps of shapeless ruins, ■which marked the path 
of the tempest." 

If it appeared, on a careful eompai'ison of observa- 
tions made in dilfercnt places, that these winds swept 
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directly along those tracks wliicli tliey a2>peai' to fol- 
low, a compai'atively einiple problem -would be pre- 
sented to the meteorologist. But this is not found to 
be the case. At one part of a hurricane's course the 
BtoiTii appears to be travelling with fearful fury along 
the time storm- ci ; at another less furiously directly 
across the storm - track ; at another, but with yet 
diminished force, though still fiercely, in a direction 
exactly opposite to that of the storm-track. 

All tliese motions appear to be fairly accounted for 
by the theoiy that the trne path of the storm is a 
spiral — or rather, that while the centre of disturbance 
continually travels onward in a widely-extended curve, 
the storm-wind sweeps continually around the centre 
of disturbance, as a whirlpool around its vortex. 

And hero a i-emarkablo circumstance attracts our 
notice, the consideration of which points to the mode 
in which cyclones may be conceived to be generated. 
It is found, by a careful study of diiferent observations 
made upon the same storm, that cyclones in the 
northern hemisphere invariably sweep round the on- 
ward travelling vortex of disturbance in (me dii-ection, 
and southern cyclones in the contrary direction. If 
we place a watch, face upward, upon one of the 
northern cyclone regions in a ilercator's chart, then 
the motion of the hands is contrary to the dii-ection in 
which the cyclone whirls ; when the watch is shifted 
to a southern cyclone region, the motion of the hands 
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takes place in tlie same direction as tlie cyclone mo- 
tion. Tliia peculiarity is converted into the following 
rule-of-th«mb for sailors wlio encounter a cyclone, and 
seek to escape from the region of fiercest storm ; 
Fackig tJte wind, the centre or vortex of the storm lies 
to the right m the northetTt, to the left in the southern, 
hemisphere. Safety lies in flying from the centre in 
every ease save one — that ie, when the sailor lies in 
the direct tract of the advancing vortex. In this 
case, to fly from the centre would be to keep in the 
storm-track ; the proper coiu-se for the sailor wlien 
thus situated is to steer for the calmer side of the 
storm-track. This is always the outside of the ^, as 
will appeal' from a moment's consideration of the spiral 
curve traced out by a cyclone. Thus, if the seaman 
scud before the wind — in all other eases a dangerous 
expedient in a cyclone * — be will probably escape un- 
scatlied. There is, however, this danger, that tlio 
storm-track may extend to or even slightly overlap 
the land, in which case scudding before the gale would 
bring the ship upon a lee-shore. And in this way 
many gallant ships have, doubtless, suffered wreck. 

The danger of the sailor is obviously greater, how- 
ever, when he is overtaken by the storm on the inner 
side of the storm- c\. Here he has to encounter the 

* A ship by BOudding before tie gale may — if tlie captain la not 
familiar with the lawa of cyclones — go roimd and j-outid wilhout escap- 
ing. The Bhip "Charles Heddle" did Uiis in the Enst Indies, going 
round no less than ,fi>"i ihncs. 
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double force of tlie cyclonic whirl and of the advan- 
cing 6toriii-BjBtem, instead of the diflerenec of the two 
motions, aa on the outer aide of the Btorm-tracli. Ilis 
chance of escape will depend on his distance from the 
central path of the cyclone. If near to this, it ia 
equally dangerona for liim to attempt to eeud to t)ie 
safer side of the track, or to beat against tlie wind hy 
tlie shorter course which would lead him out of the 
storm -ci on its inner side. It has been shown by 
Colonel Sir W. Eeid that this ie the quarter in which 
vessels have been most frequently lost. 

But even the danger of this most dangerous quar- 
ter admits of degrees. It is greatest wJiere the storm 
is sweeping round tlie most curved part of its track, 
wliich happens in about latitude twenty-five or thirty 
degrees. In this case, a ship may pass twice through 
the vortex of the storm. Here hurricanes have worked 
their most destructive effects. And thus it happens 
that sailors dread, most of all, the part of the Atlantic 
near Florida and tlie Bahamas, and the region of tlie 
Indian Ocean wliich lies south of Bourbon and Mau- 
ritius. 

To show how important it is that captains should 
understand the theory of cyclones in both hemisplteres, 
■we shall here relate the manner in which Captain J. 
Y. Hall escaped from a typhoon of the China seas. 
About noon, ivhen three days out from Macao, Cap- 
tain Hall saw " a most wild and uneommon-lookinfj 
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halo round the sun," On the afternoon of the next 
day, the harometer had comnienced to fall rapidly; 
smd though, as yet, the weather waa fine, ordera were 
at once given to prepare for a heavy gale. Toward 
evening, a bank of cloud was seen in the southeast, 
but when night closed, the weather was still calm and 
the water smooth, though the sky looked wild and a 
scud was coming on from the northeast. " I was 
much interested," says Captain Hall, " in watching 
for the commencement of the gale, which I now felt 
sure was coming. That bank to the southeast was the 
meteor (cyclone) approaching us, the northeast scud 
the outer northwest portion of it ; and when at night 
a strong gale came on about north, or north-north- 
west, I felt certain we were on its western and south- 
western verge. It rapidly increased in violence ; but 
I was pleased to see the wind veering to the north- 
west, as it convinced me that I had put the ship on 
the rJght track, namely, on the starboard tack, stand- 
ing, of course, to the southwest. IFrom ten a. m. to 
three r. ii. it blew with great violence, but the ship 
being -well prepared rode comparatively easy. The 
barometer was now very low, the centre of the storm 
passing to the northward of us, to which we might 
have been very near had we in the first place put the 
ship on the larboard tack." 

But the most remarkable point of Captain Hall's 
account remains to be mentioned. He had gone out 
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of his course to avoid the storm, but when the wind 
fell to a moderate gale he thought it a pity to lie bo far 
from hia proper course, and made sail to the north- 
west, "In less than two hours the harometer again 
began to fall and the storm to rage in heavy gusts." 
He bore again to the southeast, and the weather 
rapidly improved. There can be little doubt that bnt 
for Captain Hall's knowledge of the law of cyclones, 
his ship and crew would have been placed in serions 
jeopardy, since in the heart of a Chinese typhoon a 
ship has been known to be thrown on her beams-ends 
when not showing a yard of canvas. 

If we consider the regions in which cyclones appear, 
the paths they follow, and the direction in which they 
whirl, we shall be able to form an opinion as to their 
origin. In the open Pacific Ocean (ae its name, indeed, 
implies) storms are uncommon; they are infrequent 
also in the South Atlantic and South Indian Oceans. 
Around Cape Horn and the Cape of Good Hope, 
heavy storms prevail, but they are not cyclonic, nor are 
they equal in fury and frequency, Maury tells us, to 
the true tornado. Along the equator, and for several 
degrees on either side of it, cyclones are also unknown. 
If we turn to a map in which ocean-currents are laid 
down, we shall see that in every " cyclone region " there 
is a strongly-marked current, and that each curi'ent 
follows closely the track which we have denominated 
the storm- dj. In the Korth Atkntic we liave the 
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great Gulf Stream, whioli sweeps from ecLuatorial 
regions into the Gulf of Mexico, and tlience acroaa the 
Atlantic to the shores of "Western Europe. In the 
South Indian Ocean there is the " soiith equatorial 
current" which sweeps past Mauritina and Eourbon, 
and thence returns toward the east. In the Chinese 
Sea, there is the north equatorial current, which 
sweeps round the East-Indian Archipelago, and then 
merges into the Japanese current. There is also the 
current in the Bay of Bengal, flowing through the 
region in which, as we have seen, cyclones are com- 
monly tnet with. There are other sea-enrrents besides 
these which yet breed no cyclone. But we may 
notice two peculiarities in the currents we have named. 
They all flow from equatorial to temperate regions, 
and, secondly, they ai'e all "horseshoe currents." So 
far as we are aware, there is bat one other current 
which presents both these pecularities, namely— the 
great Australian current between New Zealand and 
tlie eastern shores of Australia. "We have not yet 
met with any record of cyclones occurring over the 
Australian current, but heavy storms are known to 
prevail in that region, and we believe that when these 
storms have been studied as closely as the storms in 
better-known regions, tliey will be found to present the 
trne cyclonic character. 

Now. if we inquire why an ocean-current travelling 
from the equator should be a " storm-breeder," we shall 
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find a ready answer. Such a current, carrying tlie 
lyarmth of intertropical regions to the temperate zones, 
produces in tlie first place, by tlie mere difference of 
temperature, important atmospheric disturbances. Tlie 
difference is so great, that Franklin suggested tlie use 
of the thermometer in the Horth Atlantic Ocean as a 
ready means of determining the longitude, since the 
position of the Gulf Stream at any given season is 
almost constant. 

Bnt the warmth of the stream itself is not the only 
cause of atmospheric disturbance. Over the wann 
water vapor is continually rising; and, as it rises, is 
continually condensed (like the steam from a loco- 
motive) by the colder air round. "An observer on 
the moon, " says Captain Maury, " would, on a winter's 
clay, be able to trace out by the mist in the air, the 
path of the Gulf Stream thi'ough the sea. " But what 
must happen when vapor is condensed? "We know 
that to turn water into vapor is a process requiring — 
that is, using up — a largo amount of heat ; and, con- 
versely, the return of vapor to the state of water sets 
free an equivalent quantity of heat. The amount of 
heat thus set free from the Gulf Stream is thousands 
of times greater than tliat which would be generated 
by the whole coal-supply annually raised in Great 
Britain. Here, then, we have an efScient cause for 
the wildest hurricanes. For along the whole of the 
Gulf Stream, from Beraini to the Grand Banks, there 
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ia a channel of heated — ^that is, rarefied air. Into 
this channel the iJeuser atmosphere on both sides is 
continually pouring, with greater or less strength. 
When a stonn hegina in the Atlantic, it alwaya makes 
for this channel, " and, reaching it, turns and follows 
it in its course, sometimes entirely across the Atlantic." 
" The southern pointe of America and Africa hare 
won for themselves," says Ifaury, " the name of ' the 
stormy capes,' but there is not a storm-fiend in the wide 
ocean can out-top that wliich rages along the Atlan- 
tic coasts of North America. Tlie China seas and the 
North Pacific may vie in the fury of their gales with 
this part of the Atlantic, but Cape Horn and the Cape 
of Good Hope cannot equal them, certainly in fre- 
quency, nor do I believe, in fury." We read of a 
West -Indian storm so violent, that "it forced the 
Gulf Stream back to its sources, and piled up the 
water to a height of thirty feet in the Gulf of Jfexico. 
The ship 'Ledbury Snow' attempted to ride out the 
storm. When it abated, she found hereelf high up on 
the dry land, and discovered that she had let go hor 
anchor among the tree-tops on EUiott's Key," 

By a like reasoning we can account for the cyclonic 
storms prevaihng in the iNorth Pacific Ocean. JSTor 
do the tornadoes which rage in parts of the United 
States present any serious difficulty. The region 
along which these storms travel is the valley of the 
groat Mississippi. This river at certain seasons is eon- 



3d b, Google 



TORKADOES. 185 

siderably wanner tlian the surroujidiiig lands. Fi'ora 
its surface, also, aqueous vapor is continually being 
raised. When the surrounding air is colder, this 
vapor is presently condensed, generating in the change 
a vast amount of heat. We have thus a channel of 
rarefied air over the Miasissippi Valley, and this chan- 
nel becomes a storm-track, like the corresponding 
channels over the warm ocean-currents. The extreme 
violence of land-storms is probably due to the narrow- 
ness of the track within which they are compelled to 
travel. For it has been noticed that the fury of a 
eea-cyelone increases as tho range of the " whirl " 
diminishes, and vice verm. 

There seems, however, no special reason why cy- 
clones should follow tho storm - cil iii one direction 
rather than in the other. We must, to understand 
this, recall tho fact that under the torrid zones the 
conditions necessary for the generation of storms prevail 
far more intensely than in temperate regions. Thus 
the probability is far greater that cyclones should be 
generated at the tropical than at the temperate end of 
the storm - cj. Still it is worthy of notice, that in the 
land-locked Korth Pacific Ocean, tnie typhoons have 
been known to follow the storm-track in a direction 
contrary to that commonly noticed. 

The direction in which a true tornado whirls is 
invariably that we have mentioned. The explanation 
of this peculiarity would occupy more space than wc 
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can here afford. Those readera who may wish, to 
understand tlie origin of the law of cyclonic rotation 
should study Ilerschel's interesting work on Meteor- 
ology. 

The suddenness with which a true tornado works 
destruction was strikingly exemplified in the wreck of 
the steamship " San Francisco." She was assailed by 
an extra tropical tornado when about 300 miles from 
Sandy Hook, on December 3i, 1853, In a few mo- 
ments slie was a complete wreck! The wide range 
of a tornado's destructiveness is shown by this, that 
Colonel Reid examined one along whose track no less 
than 110 ships were wrecked, crippled, or dismasted. 
(Krom Temple Sar, December, 1867.) 



VESUVIUS. 



The eruption in progress, as we write, from Mount 
Yesuvius, and the numerous and violent eruptions 
from this mountain during the last two centuries, seem, 
to afford an answer to those who think there are traces 
of a gradually diminishing activity in the earth's inter- 
nal forces. That such a diminution is taking place, we 
may admit ; hut that its rate, of progress is perceptible 
— that we can point to a time within the historical 
epoch, nay even within the limits of geological evi- 
dence, at wliich the eartii's internal forces were cer- 
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iainly more active tlian they are at tlie preseist time — 
may, we think, be denied absoliitelv. 

When the science of geology was bat young, and 
its professors sought to compress within a few years 
(at the outside) a series of events which (we now 
know) must have occupied many centuries, there was 
room, indeed, for the supposition that modern volcanic 
eruptions, as compared with ancient outbursts, ai-e but 
as the efforts of children compared with the wort of 
giants. And accordingly, we find a distinguished 
Fj-ench geologist writing, even so late as 1829, tliat in 
ancient times " tons les phenom^nes geologiqnes se 
passaient dans des dimensions centuples de eelles 
qu'ils preaentent aujourd'hui," But now we have 
such certain evidence of the enormous length of tlie 
intervals within which volcanic regions assumed their 
present appearance — we have such satisfactory means 
of determining which of the events occurring within 
those intervals were or were not contemporary — that 
we are safe from the error of assuming that Nature at 
a single effort fashioned widely-extended districts just 
as we now see them. And accordingly, we liave the 
evidence of one of the most distinguished of living 
geologists, that there is no volcanic mass " of ancient 
date, distinctly referable to a single eruption, which 
can even rival in volume the matter poured out from 
Skapt^r Jokul in 1783." 

In the volcanic region of which Vesuvius or Somma 
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is the principal vent, we have a remarkaLle instance of 
the deceptive nature of that state of rest into ivhich 
some of the principal volcanoes frequently fall for 
many centuries together. For how many centuries 
before tlio Christian, era Yesuvius had been at rest, is 
not known; but this is certain, that, from the landing 
of the first Greek colony in Southern Italy, Vesuvius 
gave no signs of internal activity. It was recognized 
by Strabo as a volcanic mountain, but Pliny did not 
include it in the list of active volcanoes. In those 
days, the mountain presented a very different appear- 
ance from that which it now exhibits. In place of the 
two peaks now seen, there was a single, somewhat 
flattish, summit, on which a slight depression marked 
the place of an ancient crater. The fertile slopes of 
the mountain were covered with well-cultivated fields, 
and the thriving cities Hereulaneura, Pompeii, and 
StabiiB, stood near the base of the sleeping mountain. 
So little did any thought of danger suggest itself in 
tliose times, that the bands of slaves, murderers, and 
pirates which flocked to the standard of Spartacns 
found a refuge, to the number of many thousands, 
within the very crater itself. 

But though Yesuvius was at rest, the region of 
which Vesuvius is the main vent was far from being 
so. The island of Pithecusa (the modern Ischia) was 
skaken by frequent and terrible convulsions. It is 
even related that Prochjta (the raodcrn Procida) was 
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rent from Pithccnsa in the course of a tremendous 
upheaval, though Pimy derives the name Procbyta 
(or "poured forth") from the supposed fact of this 
island having been poured forth by an eruption from 
Isehia. Ear more probably, Prochyta was formed 
independently by siibmarine eruptions, aa the volcanic 
ialanda near Santorin have been produced in more 
recent times. 

So fierce were the eruptions from Pithecusa, that 
several Greek colonies which attempted to settle on 
this island were compelled to leave it. About 380 
years before the Christian era, colonists nnder King 
Hiero of Syracuse, who had built a fortress on 
Pithecusa, were driven away by an eruption. llJJ'or 
were eruptions the sole cause of danger. Poisonous 
vapors, such as are emitted by volcanic craters after 
eruption, appear to have exhaled, at times, from exten- 
sive tracts on Pithecusa, and thus to have rendered 
the island uninhabitable. 

Still nearer to Vesuvius lay the celebrated Lake 
Avemus. The name Avemns is said to be a corrup- 
tion of the Greek word Aomos, signifying " without 
hu'ds," the poisonous exiialations from the waters of the 
lake destroying all birds which attempted to fly over 
its surface. Doubt has been thrown on the destructive 
properties assigned by the ancients to the vapors 
ascending from Avernus. The lake is now a healthy 
and agreeable neighborhood, frequented, says Hum- 
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boldt, hj many tinds of birds, whicli suffer no injury 
whatever, even when they skim the very surface of the 
water. Yet tliere can be little doubt that Avernns 
hides the outlet of an extinct volcano ; and h>ng after 
this volcano had become inactive, the lake which con- 
cealed its Bite " may have desei'ved the appellation of 
'atri janua Ditis,' emitting, perhaps, gases as destrac- 
tive of animal life as those suffocating vapors given 
out by Lake Quilotoa, in Quito, in 1797, by which 
whole herds of cattle were killed on its shores, or as 
those deleterious emanations which annihilated all the 
cattle in the island of Lancerote, one of the Canaries, 
in 1730." 

While Iscliia was in full activity, not only was 
Yesuviiis quiescent, but even Etna seemed to be 
gradually expiring, so that Seneca ranks this volcano 
among the number of nearly-extinguished cratei'S. At 
a later epoch, jElian asserted that the mountain itself 
was sinking, so that seamen lost sight of the summit at 
a less distance across the seas than of old. Yet within 
the last two hundred years there have been eruptions 
from Etna rivalling, if not surpassing, in intensity the 
convulsions recorded by ancient historians. 

"VVe shall not here attempt to show that Vesuvius 
and Etna belong to the same volcanic sytem, though 
there is reason not only for supposing this to be the 
case, but for the belief that all the subterranean regions 
whose effectii have been shown from time' to time over 
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tlie (listfict extending from tlie Canaries and tlie Azores, 
across tbe whole of the Mediterraiiean, and into Syria 
itself, belong to but one great centre of internal action. 
But it is quit© certain that Ischia and Vesavins arc 
outlets from a single eonrce. 

While VesuviuB was dormant, resigning for a while 
its pretensions to be the principal vent of the groat 
Neapolitan volcanic system, Isohia, we have seen, was 
rent by frequent convulsions. But the time was ap- 
proachiiig when Vesuvius was to resume its natural 
functions, and with all the more energy that tliey had 
been for a while suspended. 

In the year 63 (after Christ) there occurred a 
violent convulsion of the earth around Vesuvius, 
during which much injury was done to neighboring 
cities, and many lives were lost. From this period 
shocks of earthquake were felt from time to time for 
sixteen years. These grew gradually more and more 
violent, until it began to be evident that the volcanic 
fires were about to return to their main vent. The 
obstruction which had so long impeded the exit of the 
confined matter was not, however, readily removed, and 
it was only in August of the year 79, after numerous 
and violent internal throes, that the superincumbent 
mass was at length hurled forth. Eoeks and cinders, 
lava, sand, and scoria, were propelled from the crater, 
and spread many miles on every side of Vesuvius. 

We have an interesting account of the great 



3d b, Google 



192 LIGHT SCIENCE FOR LEISURE HOURS. 

eruption wliicli followed in a letter from the voiniger 
Pliny to tlie younger Tacitus. Tlie latter had asked 
for an account of tlie death of tlie elder PUny, who 
lost liis life in liis eagerness to obtain a near view of 
the dreadful phenomenon. " He was at that time," 
says his nephew, " with the ileet under Lis command 
at Misenum, On August 24th, about one in the after- 
noon, my mother desired him to observe a cloud of very 
extraordinary size and shape. He had jast returned 
from taking the benefit of the sun, and, after bathing 
himself in cold water, and taking a slight repast, had 
retired to his study. He arose at once, and went out 
upon a height whence lie might more distinctly view 
this strange phenomenon. It was not at this distance 
discernible from what mountain the cloud issued, but 
it was found afterward that it came Ironi Vesuvius. 
I cannot give a more exact description of its figure 
than by comparing it to that of a pine-tree, for it sliot 
up to a gi'eat height in the form of a trunk, which 
extended itself at the top into a sort of branches ; 
occasioned, I suppose, either by a sudden gust of air 
which impelled it, whose force decreased as it advanced 
upward, or else the cloud itself, being pressed back 
by its own weight, expanded in this manner. The 
cloud appeared sometimes bright, at others dark and 
spotted, as it was more or less impregnated with earth 
and cinders." 

These extraordinary appearances attracted the cu- 
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riosity of the elder Plinj. He ordered a small vessel 
to be prepared, and started to seek a nearer view of 
the burning mountain. His nephew declined to ac- 
company Mm, being engaged with his studies. As 
Pliny left the house, he received a note from a lady 
whose house, being at the foot of Teauvius, was in 
imminent danger of destruction. He set out, accord- 
ingly, with the design of rendering her assistance, and 
also of assisting others, "for the villas stood extremely 
thich upon that lovely coast." He ordered the galleys 
to be put to sea, and steered directly to the point of 
danger, so cool in the midst of the turmoil around " as 
to be able to make and dictate obseiTations upon the 
motions and figures of that dreadful scene." As 
he approached Yesuvius, cinders, pumice-stones, and 
black fragments of burning rock, fell on and around 
the ships. " They were in danger, too, of running 
aground, owing to the sudden retreat of the sea ; vast 
fragments, also, rolled down from the mountain and 
obstructed all the shore." The pilot advising retreat, 
Pliny made the noble answer, "Fortune befriends the 
brave," and bade him press onward to Stabise. Here 
he found his friend Pomponianus in great consterna- 
tion, already prepared for embarking, and waiting only 
for a change in the wind. Exhorting Pomponianus to 
be of good courage, PHny quietly ordered baths to be 
prepared ; and " having bathed, sat down to supper 
with great cheerfulness, or at least (which is equally 
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heroic) with all the appearance of it." Assuring his 
friends that tho flames which appeared in several 
places were merely burning villages, Pliny presently 
retired to rest, and " being pretty fat," says his nephew, 
"and breathing hard, those who attended without 
actually heard him snore." But it became necessary to 
awaken him, for the court which led to his room was 
now almost filled with stones and ashes. He got up 
and joined the rest of the companyj who were consnlt- 
ing on the propriety of leaving the house, now shaken 
from side to side by frequent concussions. Tliey 
decided on seeking the fields for safety ; and fastening 
pillows on their heads, to protect them &om faUing 
stones, they advanced in the midst of an obscurity 
greater than that of the darkest night — though beyond 
the limits of the great cloud it was ah-eady broad day. 
"When they reached the shore, they found the waves 
running too high to suffer thera safely to venture to 
pnt out to sea. PHny, "having drunk a draught or 
two of cold water, lay down on a cloth that was spread 
out for him ; but at this moment the flames and 
sulphurous vapors dispersed tlie rest of the company 
and obliged him to rise, ^sisted by two of his 
servants, he got upon his feet, but instantly fell down 
dead; suffocated, I suppose," says his nephew, "hy 
some gross and noxious vapor, for he always had 
weak lungs and siifferedfromadifficulty of breathing," 
His body vfas not foiiml until the third day after his 
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death, when for the first time it was light enough to 
search for him. He was found as he had fallen, " and 
looking more like a man asleep than dead." 

But even at ilisenum there was danger, though 
VoBUviua is distant no less than fourteen miles. 
The earth was shaken with repeated and violent 
shocks, "insomuch," says the younger Pliny, "that 
they threatened our complete destruction. " "When 
morning came, the light was faint and glimmering ; 
the buildings around seemed tottering to their fall, 
and, standing on the open ground, the chariots which 
Pliny had ordered were eo agitated backward and 
forward that it was impossible to keep them steady, 
even by enpporting them with large stones. The sea 
was rolled back upon itself, and many marine animals 
were left dry npon the shore. On the side of Vesuvius, 
a black aud ominous cloud, bursting with sulphurous 
vapors, darting out long trains of fire, resembling 
flashes of lightning, but much larger. Presently the 
great cloud spread over Kisenum and the island of 
Capreee. Ashes fell around the fugitives. On every 
side "nothing was to be heard but the slirieks of 
women and children, and the cries of men : some were 
calling for their children, others for their parents, 
others for their husbands, and only distinguishing 
each other by their voices : one was lamenting his own 
fate, another that of Iiis family; some wished to die, 
that they might escape the dreadful fear of death; 
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but tlie greater part imagined that the last and eternal 
uiglit was come, which was to destroy the gods and 
the world together." At length alight appeared, 
which was not, however, tlie day, hut the foreruimer 
of an outljurst of flames. These presently disappeared, 
and again the thick darkness spread over the scene. 
Ashes fell heavily upon the fugitives, so that they 
were in danger of teing crushed and Juried in the 
thick layer rapidly eoveidng the whole country. Many 
■liours passed before the dreadful darkness began slowly 
to he dissipated. "When at length day retui'ned, and 
the Bun was seen faintly shining through the over- 
hanging canopy of ashes, "every object seemed 
changed, being covered over with white ashes as with 
a deep snow." 

It is most remarkable that Pliny makes no mention 
in his letter of the destruction of the two populous 
and important cities, Pompeii and Hereulaneum. We 
have seen that at Stabise a shower of ashes fell so 
heavily that several days before the end of the eruption 
the court leading to the elder Pliny's room was begin- 
ning to be filled up ; and when the eruption ceased, 
Stabise was completely overwhelmed. Far more sud- 
den, however, was the destruction of Pompeii and 
Hereulaneum. 

It would seem that the two cities were firet shaken 
violently by the throes of the disturbed mountain. 
The signs of such a catastrophe liavo been very corn- 
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moiily assigned to the earthquake which happened in 
03, but it seems far more likely that most of them 
belong to the days immediately preceding the great 
outburst in 79. "In Pompeii," says Sir Charles Lyell, 
" both public and prirate buildings bear testimony to 
the catastrophe. The walls are rent, and in many 
places traversed by fissures still open." It is probable 
that the inhabitants were driven by these anticipatory 
throes to fly from the doomed towns. I'or though 
Dion Cassius relates that "two entire cities, Hercu- 
laneum and Pompeii, were buried under showers of 
ashes, while all the people were sitting in the theatre," 
yet " the examination of the two cities enables us to 
prove," says Sir Charles, " that none of the people were 
destroyed in the theatre, and, indeed, that there were 
very few of the inhabitants who did not escape from 
both cities. Yet," he adds, " some lives were lost, and 
there was ample foundation for the tale in all its most 
essential particulars." 

"We may note here, in passing, that the account of 
the eruption given by Dion Cassius, who wrote a 
century and a half after the catastrophe, is sufficient 
to prove how terrible an impression had been made 
npon the inhabitants of Campania, from whose descend- 
ants he in all probablhty obtained the materials of 
his narrative. He writes that, " during the eruption, 
a multitude of men of superhuman statiire, resembling 
giants, appeared, sometimes on the mountain, and 
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sometimes in the environs; that stones and smoke 
were thrown oat, the sira was bidden, and then the 
giants seemed to rise again, while the sotmds of trum- 
pets were Iieard " — with much other matter of a simi- 
lar sort. 

In the great eruption of 79, Tesuvius poured forth 
lapilli, sand, cindei^, and fri^ments of old lava, hut no 
new lava flowed from the crater. !Nor does it appear 
that any lava-stream was ejected during the six erup- 
tions which toot place during the following ten cen- 
turies. In the year 1036, for the first time, Vesuvius 
was ohserved to pour forth a stream of molten lava. 
Thirteen years later, another eruption took place; 
then 90 years passed without disturbance, and after 
that a long pause of 168 years. During this in- 
terval, however, the volcanic system of which Vesu- 
vius is the main but not the only vent, had been 
disturbed twice. For it is related that in 1198 the 
Solfatara lake crater was in eruption ; and in 1303, 
Isehia, dormant for at least 1,400 years, showed signs 
of new activity. For more than a year earthquakes 
had convulsed this island from time to time, and at 
length the disturbed region was. relieved by the out- 
burst of a lava-stream from a new vent on the south- 
east of Isehia. The lava-stream flowed right down to 
the sea, a distance of two miles. For two months, 
this dreadful outburst continued to rage ; many bouses 
were destroyed ; and although the inhabitants of Isehia 
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were not completely expelled, as happened of old ■with 
the Greek colonists, yet a partial emigration took 
place. 

The next eruption of Yesuviua occuri'ed in 1306 ; 
and then tliree centuries and a quarter passed dni-iiig 
which only one eruption, and that an nnimpoTtant one 
(in 1500), took p]ace. " It was remarked," Bays Sir 
Charles Lyell, " that throughout this long intei-ral of 
rest, Etna was in a state of unusual activity, so as to 
lend countenance to the idea that the great Sicilian 
volcano may sometiraea serve as a channel of discharge 
to elastic fluids and lava tliat would otherwise rise to 
the Tents in Campania." 

Wor was the abnormal activity of Etna the only 
sign that the quiescence of Vesuvius was not to be 
looked upon as any evidence of declining energy in 
the volcanic system. In 1538 a new mountain was 
suddenly thrown np in the Phlegrgean Fields — a district 
including within its hounds Pozznoli, lake AvernuB, 
and the Solfatara. The new mountain was thrown up 
near the shores of the Bay of Bai^. It is 4i0 feet 
above the level of the hay, and its hase is about a mile 
and a half in circumference. The depth of the crater 
is iSl feet, so that its bottom is only six yards above 
the level of the bay. The spot on which the mountain 
was thrown up was formerly occupied by the Luerine 
Lake ; but the outhm-&t filled up the greater part of 
the lake, leaving only a small and shallow pool. 
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The accounts wLidi have reached ua of the forma- 
tion of thia new mountain are not without interest. 
Palconi, who wrote in 1638, mentions that several 
earthqnaJces took place during the two years preced- 
ing the outburst, and above twenty shocks on the day 
and night before the eruption. " The eruption began 
on September 29, 1538. It was on a Sunday, about 
one o'clock in the night, when flames of fire were seen 
between the hot-baths and Tripergola, In a short 
time the fire increased to eueh a degree that it burst 
open the earth in this place, and throw up a quantity 
of ashes and pumice-stones, mixed with water, which 
covered tbe whole country. The nest morning the 
poor inhabitants of Pozzuoli quitted their habitations 
in terror, covered with the muddy and black shower, 
which continued the whole day in that country — flying 
from deatli, but with death painted in their counte- 
nanees. Some with their children in their arms, some 
with sacks full of their goods ; others leading an ass, 
loaded with their frightened family, toward Naples. 
.... The sea had retired on the side of Baite, aban- 
doning a considerable tract ; and the shore appeared 
almost entirely dry, from the quantity of ashes and 
broken pumice-stones thrown up by the eruption." 

Pietro Giacomo di Toledo gives us some account 
of the phenomena which preceded the eruption ; " That 
plain which lies between Lake Avernus, the Monte 
Barbaro, and the sea, was raised a little, and many 
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cracks were made in it, from some of which water 
issued ; at the same time the sea immediately adjoin- 
ing the plain dried up aliout two hundred paces, so 
that the fish were left on tlie sand, a prey to the inhab- 
itants of Pozzuoli. At last, on September 29tli, about 
two o'clock in tho night, the earth opened near the 
lake,'and discovered a horrid mouth, from which were 
furiously vomited smoke, fire, stonea, and mud com- 
posed of ashea, making at the time of the opening a 
noise like the loudest thunder. The stones which fol- 
lowed were hy the flames converted to pumicCj and 
some of these were Iwrger them cm, ox. The stones 
went about as high as a cross-bow will cany, and then 
fell down, sometimes on the edge, and sometimes into 
the mouth itself. The mud was of the color of ashes, 
and at first very liquid, then by degrees leas so ; and 
in such quantities that in less than twelve hours, with 
the help of the above-mentioned stones, a mountain 
was raised of 1,000 paces in height, Kot only Pozzu- 
oli and the neighboring country were full of this mud, 
hut the city of Naples also ; so that many of its palaces 
were defaced by it. This eruption lasted two nights 
and two days without intermission, tliough not always 
with the same force ; the third day the eruption ceased, 
and I went up with many people to the top of the new 
hill, and saw down into its mouth, which was a round 
cavity about a quarter of a mile in circumference, in 
the middle of which the stones which had fallen were 
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boiling up just as a caldron of water boils on tlie firo. 
The fourth day it began to throw up again, and the 
seventh day much more, but stiU with less violence 
than the first night. At this time many persons who 
were on the hill were Imoclred down by the stones and 
hilled, or eniothered with the smoke." 

And now, for nearly a century, the whole district 
continued in repose. Nearly five centuries had passed 
since there had been any violent eruption of Yesuvius 
itself; and the crater eeerned gradually aSBUming the 
condition of an extinct volcano. The interior of the 
crater is described by Braeini, who visited Tesuvius 
shortly before the eruption of 1631, in terms that would 
have fairly represented its condition before the erup- 
tion of Y9 : " The crater was five miles in circumfer- 
ence, and about a thousand paces deep; its sides were 
covered with brushwood, and at the bottom there was 
a plain on which cattle graced. In the woody parts, 
wild boars frequently harbored. In one part of the 
plain, covered with ashes, were three small pools, one 
filled with hot and bitter water, another Salter than 
the sea, and a third hot, but tasteless." But in De- 
cember, 1631, the mountain blew away the covering 
of rock and cinders which supported those woods and 
pastures. Seven streams of lava poured from the 
crater, causing a fearful destruction of life and prop- 
erty. Kesina, built over the site of Hereulanecra, was 
entirely consumed by a raging lava-stream. Heavy 
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showers of rain, generated by the steam evolved dur- 
ing the eruption, caused in their turn an amount of 
d^tructioa scarcely less important than that resulting 
from the lava-streams. Eor, falling upon the cone, 
and sweeping thence large luasaea of ashes and vol- 
canic dust, these showers produced destructive streams 
of mud, consistent enough to merit the name of " aque- 
ous lava " commonly assigned to it. 

An interval of thiiiy-five years passed before the 
next eruption. Bnt, since 1666, there has been a con- 
tinual series of eruptions, so that the mountain has 
scarcely ever been at rest for more than ten years 
together. Occasionally there have been two eraptions 
within a few months ; and it is well worthy of remark 
that, during the three centm'ies which have elapsed 
sine© the formation of Monte Nuovo, there hi« been 
no volcanic disturbance in any part of the ^Neapolitan 
volcanic district save in Yesuvius alone. Of old, as 
Brieslak well remarks, there had been irregular dis- 
turbances in some part of the Bay of Naples once in 
every two hundred years ; the eruption of Solfatara 
in the twelfth century, that of Ischia in the fourteenth, 
and that of Monto Jfuovo in the sixteenth ; but " the 
eighteenth has formed an exception to the rule." It 
seems clear that the constant series of eruptions from 
Vesuvius during the past two hundred years has sul- 
ficed to relieve the volcanic disti'ict of which Yesuvius 
is the principal vent. 
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Of the eruptions ■which have distui'bed Vesuvius 
daring the last two centuries, those of 1119, 17&3, and 
1822, are in some respects the most remarkatle. 

Sir "William Hamilton lias given a very interesting 
account of tlie emption of 1779. Passing over those 
points in which this eruption resembled others, we 
may note its more remarkable features. Sir "William 
Hamilton says, that in this eruption molten lava was 
thrown up in magnificent jete to the height of at least 
10,000 feet. Masses of stones and scorife were to be 
seen propelled along by these lava -jets. Vesuvius 
seemed to he surmounted by an enormous column of 
fire. Some of the jets were directed by the wind tow- 
ard Ottajano ; others fell on the cone of Vesuvius, 
on the outer circular mountain Somma, and on the 
valley between. Falling, still red hot and liquid, they 
covered a district more than two miles and a half wide 
with a mass of fire. The whole space above this 
district, to the height of 10,000 feet, was filled also 
with the falling and rising lava-streams ; so that there 
was continually present a body of fire covering the 
extensive space we have mentioned, and extending 
nearly two miles high. The heat of this enormous 
fire-column was distinctly perceptible at a distance of 
at least six miles on every side. 

The eruption of 1793 presented a difierent aspect. 
Dr. Clarke tells us that millions of red-hot stones were 
propelled into the air to at least half the height of the 
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cone itself; then turning, tliey fell all around in notle 
curves. They covered nearly half the cone of Vesuvina 
with fire. Hage masses of ivliite smote were vomited 
forth by the disturbed monntaiuj and formed them- 
selves, at a height of many thousands of feet above 
the crater, into a huge, ever-moving canopy, through 
whicljj from time to time, were hurled pitch-black jets 
of volcanic dust, and dense vapors, mixed with cas- 
cades of red-hot rocks and scoria. The rain which 
fell from the cloud-canopy was scalding hot. 

Dr. Clarke was able to compare the difi'erent ap- 
pearances presented by the lava when it burst from 
the very mouth of the crater, and lower down when it 
had approached the plain. As it rnshed forth from its 
imprisonment, it streamed a liquid, white, and brilliantly 
pure river, which burned for itself a smooth channel 
through a great arched chasm in the side of tlie moun- 
tain. It flowed with the clearness of " honey in regular 
channels, cut finer than art can imitate, and glowing 
with all the splendor of the snn. Sir "William 
Hamilton had conceived," adds Dr. Clarke, "that 
stones thrown upon a current of lava would produce 
no impression. I was soon convinced of the contrary. 
Light bodies, indeed, of five, ten, and Hfteen pounds' 
weight, made little or no impression, oven at the 
source; but bodies of sixty, seventy, and eighty 
pounds were seen to form a kind of bed on the surface 
of the lava, and floated away with it. A stone of three 
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hundred-weight, that had been thrown out by the 
crater, lay near the source of tlie euri'ent of lava. I 
raised it up on one end, and then let it fall in upon 
the liquid lava, when it gradually sank beneath the 
surface and disappeared. If I wished to describe the 
manner in which it acted upon the lava, I should say 
that it was like a loaf of bread thrown into a howl 
of very thick honey, which gradually involves itself 
in the heavy liquid, and then slowly sinks to the 
bottom." 

But, as the lava flowed down the mountain-slopes, 
it lost its brilliant whiteness ; a crust began to form 
upon the surface of the still molten lava, and this 
crust broke into innumerable fragments of porous 
matter, called scorite. Underneath this crust — across 
which Dr. Clarke and his companions were able to 
pass without other injury than the singeing of their 
hoots — tlie liquid lava still continued to force its way 
onward and downward past all obstacles. On its 
arrival at the bottom of the mountain, says Dr. Clarke, 
" the whole current," encumbered with huge masses of 
Bcorise, " resembled nothing so much as a heap of 
unconnected cinders from an iron-foundery," " rolling 
slowly along," he says in another place, " and falling 
with a rattling noise over one another." 

After the eniption described by Dr. Clarke, the 
great crater gradually filled up. Lava boiled up from 
beloiv, and small craters, which formed themselves 
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over the bottom and Bides of the gi'eat one, poured 
forth lava loaded witli BcoriEe. Thus, up to October, 
1822, there was to be seen, in place of a regular 
crateriform opening, a rough and uneven surface, 
scored by huge fissures, whenco vapor was continually 
being poured, bo as to form cloads above the hideous 
heap of ruins. But the great eruption of 1823 not 
only flung forth all the mass which had accumulated 
within the crater, but wholly changed the appearance 
of the cone. An immense abysm was formed, three- 
quarters of a mile across, and extending 2,000 feet 
downward into the very heart of Yesnviua. Had the 
lips of the crater remained tmchanged, indeed, the 
depth of this great gulf would liave been far greater. 
But so terrific was the force of the explosion that the 
whole of the upper part of the cone was carried clean 
away, and the mountain reduced in height by nearly a 
full fifth of its original dimensions. From the time of 
its formation the chasm gradually filled up ; so that, 
when Jlr. Scrope saw it soon after the eruption, its 
depth was reduced by more than 1,000 feet. 

Of late, Vesuvius has been as busy as ever. In 
1833 and 1834 there were eruptions; and it is but 
twelve years since a great outburst took place. Then, 
fcr three weeks together, lava streamed down the 
mountain-slopes, A river of molten lava swept away 
the village of Cercolo, and ran nearly to the sea at 
Ponte JTaddaloni, There were then formed ten small 
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craters witbia the great one. But these have now 
united, and pressure from beneath has formed a vaet 
cone where they had been. The cone has risen above 
the rim of the crater, and as \vq -write torrents of lava 
are being poured forth. At first the lava formed a 
lake of fire, bnt the seething mass found an outlet, and 
poured in a wide stream toward Ottajauo. Masses of 
red-hot atone and rock are hurled forth, and a vast 
canopy of white vapor hangs over Vesuvius, forming 
at night, when iUuminated by the raging mass below, 
a glory of resplendent flame around the summit of the 
monntain. 

It may seem strange that the neighborhood of bo 
dangerous a mountain should be inhabited by races 
free to choose more peaceful districts. Yet, though 
Herculaneum, Pompeii, and Stabiie, lie buried beneath 
the lava and aslies thrown fortli by Vesuvius, Portici 
and liesina, Torre del Greco and Torre dell' Annmi- 
ziata have taken their place ; and a large popiilation, 
cheerful and prosperous, flourish around the disturbed 
mountain, and over the district of which it is the some- 
what untrustworthy safety-valve. 

It has, indeed, been well pointed out by Su- Charles 
Lyell that '*the general tendency of subterranean 
movements, when their effects are considered for a 
sufficient lapse of ages, is eminently beneficial, and 
that they constitute an essential part of that mechanism 
by which the integrity of the habitahle surface is pre- 
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served. Why tlio worting of tliis same machinery 
should he attended with so mach evil, is a mystery far 
beyond the reach of our philosophy, and must probably 
remain so until we are permitted to investigate, not 
our planet alone and its inhabitants, hut other pai'ts of 
the moral and material universe with which they may 
be connected. Could our survey embrace other worlds, 
and the events, not of a few centuries only, but of 
periods as indefinite as those witli which geology ren- 
ders us familiar, some apparent contradictions might 
be reconciled, and some difficulties would doubtless be 
cleared up. But even then, as our capacities are 
finite, while the scheme of the universe may bo in- 
finite, both in time and space, it is presumptuous to 
suppose that all source of doubt and perplexity would 
ever be removed. On the contrary, they might, 
perhaps, go on augmenting in number, although our 
confidence in the wisdom of the plan of Nature should 
increase at the same time ; for it has been justly said " 
(by Sir Humphry Davy) " that the greater tiie circle 
of light, the greater the boundary of darkness by 
which it is surrounded." 

(From the CornhUl M(r</as!iis, Nurch, 1868.) 



TH£ ilARTHQUAKJS I.V PERU. 

Thk intelligence published last Saturday is sufficient 
to prove tliat the great earthq^uake which has devas- 
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tated Pera fully eijualled, if it did not surpass, the most 
terrible catastrophes which have ever befallen that 
country. It presents, too, all the features which have 
hitherto characterized earthquakes in this neighbor- 
hood. These are well worthy of careful study, and 
appear to have an important hearing on the modern 
theory of earthquakes. 

It has been commonly held that the seat of disturb- 
ance in the earthquakes which have shaken the country 
west of the Andes has lain always at some point or 
other beneath that range of mountains. The fact that 
several large volcanoes are found in tho Cordilleras 
has seemed confirmatory of this view. The accounts 
we have also of the great earthquake at Kiobamba in 
1797, seem only exphcable by supposing tliat the seat 
of disturbance lay almost immediately beneath that 
city. The inhabitants were flung vertically upward 
into the air, and to such a height that Humboldt found 
the skeletons of many of them on the summit of the 
hill La Culea, on the fai'ther aide of the small river on 
which Kiobamba is built. The ruins of many houses 
were also flung to the same spot. Here, therefore, 
was evidence of that vertical (or, aa Humboldt ex- 
presses it, explosive) force which is only to be looked 
for immediately above the centre of concussion. 

Tet the consideration of the evidence afforded by 
the news we have just published, seems at first sight 
somewliat opposed to this view, and to point rather to 
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a seat of distnr'banee lying considerably to the west of 
tliQ Peruvian slioi-es. " At Cbala," Bays our informant, 
" the sea receded, and a wave rose fifty feet, and re- 
turned, spreading into tlie town a distance of about a 
thousand feet. Three successive times evei-y thing 
-within range was swept away, followed by twelve 
shocks of earthquaJte, lasting from tbree seconds to 
two minutes," The arrival of great sea-waves before 
the land-shoclts were felt seems decisively to indicate 
that the seat of disturbance lay beneath tlie ocean and 
not bcneatli the land. We are disposed to believe, 
however, that in the confusion of mind naturally re- 
sulting from the occun-ence of so terrible a catastroplie, 
the sequence of events may not have been very closely 
attended to, for in other plaees the arrival of the great 
eea-wave is distinctly described as following the occur- 
rence of the earth-sheet. At Arica, for example, a 
considerable intei-val would seem to have elapsed before 
the terrible sea-wave, which has always characterized 
Peruvian earthquakes, poured in upon the town. The 
agent of the Pacific Steaml^avigation Company, wJiose 
house had been destroyed by the earth-shock, saw the 
great sea-wave while he was flying toward the hills. 
He writes : " While passing toward the hills, with the 
earth shaking, a great cry went up to heaven. The 
sea had retired. On clearing the town, I looked back 
and saw that the vessels were being carried irresistibly 
seaward. In a few minul.es the sea stopped, and tiien 
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arose a mighty wave fifty feet Iiigh, and came in witli 
a fearful msli, carrying everything before it in terrible 
majesty. Thewbole of the shipping eame back, speed- 
ing toward inevitable doom. In a few minute all was 
completed — every vessel was either on shore or bottom 
upward." This, then, was undoubtedly the great sea- 
wave, as compared with the minor waves of disturbance 
which characterize all earthquakes near the shores of 
the ocean. 

One remarkable feature in this terrible earthquake 
is the enormous range of country affected by it. From 
Quito southward as far as Iquiqno— or, in other words, 
for a distance considerably exceeding a full third part 
of the whole length of the South American Andes — 
the shock was felt with the most terrible distinctness. 
We have yet to learn how much farther to the north 
and south, and how far inland on the eastern slopes of 
the Andes, the shock was experienced. But there can 
be little doubt that the disturbed country was equal to 
at least a fourth of Europe. 

The portion of the Andes thus disturbed seems to 
be distinct from the part to which the great Chilian 
earthquakes belong. The difference in cliaraeter be- 
tween the Peruvian and Chilian earthquakes ia a sin- 
gular and interesting phenomenon. The difference 
corresponds to a feature long since pointed out by Sir 
Cliarles Lyell — the alternation, on a grand scale, of 
districts of active with those of extinct volcanoes. It 
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is said that in Chili a year scarcely ever passes witlioiit 
shocks of earthquake being felt; in certain regions, not 
even a month. A similar persistence of earthquake 
disturbance characterizes Peru. Yet, although both 
districts are shaken in this manner, there seems to he 
a distinct evidence of alternating disturbance as re- 
spects the occurrence of great earthquakes. Thus, in 
1197, took place the terrible earthqualie of Kiobamba. 
Then, thirty years later, a series of great earthqnalies 
shook Chili, permanently elevating the ■whole line of 
coast to the height of several feet. Now, again, after 
another interval of about thirty years, the Andes are 
disturbed by a great earthquake, and this time it is the 
Peruvian Andes which experience the shock. Between 
Chili and Peru there is a space upward of five hundred 
miles long, in which no volcanic action has been ob- 
served. Singularly enough, this very portion of the 
Andes, to which one would imagine the Peruvians and 
Chilians would fly as to a region of safety, is the part 
most thinly inhabited, insomuch that, as Von Buch 
observes, it is in some places entirely deserted. 

I^ear Quito the trembling of the earth is almost in- 
cessant, according to M. Eonssingault. ITe considers 
that the frequency of the movement is due rather to 
the continual falling in of masses of rock which have 
been fractured in recent earthquakes, than to the per- 
sistence of subterranean action. He adds that the 
height of several mountains in the Andes has diminished 
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in mocieru timeB. He refers, doabtless, to the Peniviau 
and Colombian Andes, and not to tlie Chilian, In the 
Isittcr portion of the range there must be a continual 
increase of height, since each earthquake in Chili has 
produced a perceptible receseion of the sea. Darwin, 
indeed, relates that near Valparaiso he saw beds of 
sea-shells belonging to recent species at a height of 
about a q^uarter of a mile abovo the present searlevel ; 
and lio concluded that the land had been raised to this 
height by a series of sucli small elevations as were ob- 
served to have taten place during the earthquakes of 
1822, 1835, and 1837. That a contrary process should 
be going on in Peru, conflrma the idea that a sort of 
nndulatory or balancing motion is taking place — one 
long stretch of the Cordilleras rising while another is 
sinking, A tradition prevails among the Indians of 
Lican that the mountain called L'Altar, or Cassae 
TJreu — which means " the chief" — ^waa once the highest 
of the sub-equatorial Andes, being higher even than 
Chimborazo ; but, adds the tradition, in the reign of 
Quainia Abomatha, before tlie discovery of America, a 
prodigious eruption took place which lasted no less 
than eight years, and brought down the summit of tlie 
mountain. M. Boussinganlt states that the fragments 
of trachyte which once formed the summit of this cele- 
brated mountain are now spread over the plain. At 
present Cotopaxi is the loftiest volcano of the Cordil- 
leras, its height being no less than 18,858 feet. No 
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monotaiu has ever been tlie seat of eueli ten-ible and 
destructive eruptions as tlioee ■wliicli have burst forth 
from Cotopaxi. The intensity of the heat which pre- 
vails during eruption will be readily gathered from the 
circumstance tliat in January, 1803, the enormous bed 
of snow which usually covers the eono of the volcano 
was dissolved in a single night. 

It would seem that the Mexican volcanoes also 
belong to the same region of disturbances. Near the 
Isthmus of Panama the great Cordillera of the Andes 
lowers itself to the height of about 800 feet, and beyond 
begins the continuation of the Tolcanic chain in Cen- 
tral America and Mexico. Nor are the volcanoes of 
tlie West Indian or Caribbee Islands wholly discon- 
nected with the region of disturbance in Southern 
America. And it is rather singular that even the 
earthquakes which have occurred in the valley of the 
Mississippi seem to be connected with the West Indian 
and South American volcanic region. Tlie violent 
carthqualies which took place at New Madrid in 1812, 
occurred at exactly the same time as the earthquake of 
Paranafi, " so that it is possible," says Sir Chai-les Lyell, 
" that these two points are part of one volcanic region." 
(I'Vom tlie Daily iVeics, Septombor 18, 1368.) 
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TEE GREATEST SEA-WAVE EVER KNOWN. 
On August 13, 1868, one of the most ten-ible ea^ 
lamities wliicli has ever visited a people befell tlie un- 
fortunate inhabitants of Pern. In that land earth- 
quakes are nearly as comnaon as rain-storma are with 
us ; and shocks by which whole cities are changed into 
a heap of ruins are by no means infrequent. Yet even 
in Peru, " the land of earthquakes," as Humboldt has 
termed it, no snch catastrophe as that of August, 1868, 
had occurred within the memory of man. It was not 
one city which was laid in ruins, but a whole empire. 
Those who perished were counted by tens of thousands, 
while tlie property destroyed by the earthquake was 
valued at millions of pounds sterling. 

Although so many months have passed since tliis 
terrible calamity took place, scientific men have been 
busily engaged until quite recently in endeavoring to 
ascertain the real signifleance of the various events 
which were observed during and after the occnrrenee 
of the earthquake. The geograpliera of Gennany have 
taken a special interest in interpreting the evidence 
afforded by tliis great manifestation of Nature's powers. 
Two papers haye been written recently on the great 
earthquake of August 13, 18(38, one by Professor von 
Hochstetter, the other by Ilerr von Tseliudi, which 
present an interesting acconot of the various effects. 
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by land and by sea, wliicli resulted from the tremen- 
dous upheaving force to which the western ilanks of 
the Pemviau Andes were subjected on that day. The 
effects on land, altliongli surprising and terrible, yet 
only differ in degree fl.'ora those which liave been ob- 
served in other earthcLuakes. But the progress of the 
great sea-wave which was generated by the ujjheaval 
of the Peruvian shores and propagated over the whole 
of the Pacific Ocean differs altogether from any earth- 
quake phenomena before observed. Other earthquakes 
have indeed been followed by oceanic disturbances; 
but these have been accompanied by terrestrial mo- 
tions, 80 as to suggest the idea that thej' had been 
caused by the motion of the eea-bottom, or of tlie neigh- 
boring laud. In no instance has it ever before been 
known that a well-marked wave of enormous propor- 
tions should have been propagated over the largest 
ocean-tract on our globe, by an earth-shock whoso 
direct action was limited to a relatively small region, 
and that region not situated in the centre, but on one 
side of the wide area traversed by the wave. 

We propose to give a brief sketch of the history of 
this enormous sea-wave. In the iirst place, however, 
it may bo well to remind the reader of a few of the 
more prominent features of the great shock to which 
this wave owed its origin. 

It was at Arequipa, at the foot of the' lofty volcanic 
mountain Misti, that tlie most terrible effects of the 
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great earthquake were experienced. "Witlii]! historic 
times Histi has poured forth no lava-streams, but that 
the volcano ia not extinct is elearlj evidenced by the 
fact that in 1542 an enoiinouB mass of dust and ashes 
was vomited forth from its crater. On August 13, 
1868, Misti showed no signs of being disturbed. So 
far as tlieir volcanic neighbor was concerned, the 44,000 
inhabitants of Arequipa had no reason to anticipate 
the catastrophe which presently befell them. At Jive 
minutes past five an earthquake-shock was experienced, 
which, though severe, seems to have worked little mis- 
chief. Half a minute later, however, a temble noise 
was heai-d heneatli. the earth ; a second slioek more 
violent than the first was felt ; and then began a sway- 
ing motion, gradually increasing in intensity. In the 
coui'se of the first minute this motion had become so 
violent tliat the inliabitants ran in teiTor out of their 
houses into the streets and squares. In the nest two 
minutes the swaying movement had so increased that 
the more lightly-built houses were cast to tlie ground, 
and the fiying people could scarcely keep their feet. 
" And now," says Von Tscliudi, " there followed during 
two or three minutes a terrible scene. The swaying 
motion which had hitherto prevailed changed into 
fierce vertical upheaval. The subterranean roaring 
increased in the moat tenifying manner ; then woi'o 
heard the hoar t-piercing shrieks of tlie wretched people, 
the bursting of walls, tlie crashing fall of houses a:id 
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eliurelics, while over all rolled tliiek clouds of a yel- 
lowisli-blaek dust, wliicli, had they heeii poiu-ed forth 
many minutes longer, would have suffocated thousands." 
Although the shocks had lasted but a few minutes, the 
whole town was destroyed. Not one huilding remained 
uninjured, and there were few which did not lie in 
sliapelesH heaps of ruins. 

At Tacna and Ariea, the earth-shock was less 
severe, but strange and terrible phenomena followed 
it. At the former place a circumstance occurred, the 
cause and nature of which yet remain a mystery. 
About three hours after the earthqualce— in other 
words, at about eight o'clock in the evening — an in- 
tensely brilliant light made its appearance above the 
neighboring mountains. It lasted for fully half an 
hour, and has been ascribed to the eruption of some aa 
yet unknown volcano. 

At Arica the sea-wave produced even more de- 
structive effects than had been caused by the eartli- 
quake. Aboitt twenty minutes after the iirst eartli- 
shock, the sea was seen to retire, ae if about to leave 
the shores wholly dry; but presently its waters re- 
turned with tremendous force. A mighty wave, 
whose length seemed immeasurable, was seen advancing 
like a dark wall npon tlie unfortunate town, a large 
part of which was overwhelmed by it. Two ships, the 
Peruvian corvette " America " and the United States 
" double-en dcr " " Watcrce," were carried nearly half 
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a mile to tlie north of Arica, beyond the railroad 
which runs to Taena, atid there left stranded high and 
dry. This enormous wave was considered hy the Eng- 
lish vice-consul at Arica to have been fully fifty I'eet in 
height. 

At Chala, three such waves swept in after tlie first 
shocks of earthquake. They overflowed nearly the 
whole of the town, the sea passing more than half a 
njile beyond its usual limits. 

At Islay and Iqnique similar phenomena were mani- 
fested. At the former town the sea flowed in no less 
than five times, and each time with greater force. 
Afterward the motion gradually diminished, but even 
an hour and a half after the commencement of this 
strango disturbance, the waves still ran forty feet 
above the ordinary level. At Iquique, the people 
beheld the inrushing wave while it was still a great 
■way off. A dark-blue mass of water, some fifty feet 
in height, was seen sweeping in npon the town with 
inconceivable rapidity. An island lying before the 
harbor was completely submerged by the great wave, 
■which still came rushing on, black with the mud and 
slime it had swept from the searbottom. Those who 
■witnessed its progress from the upper balconies of their 
houses, and presently saw its black mass rushing close 
beneath their feet, looked on their safety as a miracle. 
Many buildings were indeed washed away, and in the 
low-lying parts of the town there was a terrible loss of 
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iife. After passing far inland, the wave slowly re- 
turned seaward, and strangely enough, the sea, which 
elsewhere heaved and tossed for hours after the first 
great wave had swept over it, here came soon to rest. 

At Callao a yet more singular instance was afford- 
ed of the effect which circumstances may have upon 
the motion of the sea after a great earthcLualce has dis- 
turbed it. In former earthquakes Callao has suffered 
teriihly from the effects of the great sea-wave. In 
fact, on two occasions the whole town has heen de- 
stroyed, and nearly all its inhabitants have been 
drowned, through the inrush of precisely sucli waves 
as flowed into the ports of Ariea and Chala. But upon 
this occasion the centre of subterranean disturbance 
must have been so situated that either the wave was 
diverted from Callao, or more probably two waves 
reached Callao from different sources and at different 
times, eo that tlie two undulations partly counteracted 
each other. Certain it is that, although the water 
retreated strangely from the coast near Callao, inso- 
much that a wide tract of the sea-bottom was un- 
covered, there was no iiirushing wave comparable with 
those described above. Tlie sea afterward rose and 
fell in an irregular manner, a circumstance confirming 
the supposition that the disturbance was caused by two 
distinct oscillations. Six hours after the occurrence of 
the earth-shoeh, the double oscillations seemed for a 
while to have worked themselves into unison, for at 
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tliis time three considerable waves rolled in upon the 
town. But clearly these waves must not be compared 
with those which in other instances had made their 
appearance within half an hour of the earth-throes. 
There is little reason to doubt that if tlie separate 
oscillations had reenforced each other earlier, Callao 
would have been completely destroyed. As it was, a 
considerable amount of mischief vraa effected ; but the 
motion of the sea presently became iiTegular again, and 
so continued until the morning of August 14tli, when 
it began to ebb with some regularity. But during the 
14th there were occasional renewals of the irregular 
motion, and several days elapsed before the regular 
ebb and flow of the sea were resumed. 

Such were among the phenomena presented in the 
region where the earthquake itself was felt. It will 
be seen at once that within this region, or rather 
along that portion of the sea-coast which falla within 
the central region of disturbance, the true character of 
the sea-wave generated by the earthquake could not 
be recognized. If a rock fall from a lofty cliff into a 
comparatively shallow sea, the water around the place 
where the rock has fallen is disturbed in an irregular 
manner. The sea seems at one place to leap up and 
down ; elsewhere one wave seems to beat against 
another, and the sharpest eye can detect no law in the 
motion of the seething waters. But presently, outside 
the scene of disturbance, a circular wave is seen to 
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form, and if tlie motion of tliia ware te wateliedj it 13 
Been to present the most Btriking contrsBt ■with the 
turmoil and confusion at its centre. It sweeps onward 
and outward in a regnlai- nndulation. Gradually it 
loses its circnlar Sgwre (unless the sea-hottom happens 
to be unusually level), ■ showing that although its 
motion is everywhere regular, it is not everywhere 
equally swift. A wave of this sort, though incom- 
parably vt^ter, swept swiftly away on every side from 
the scene of the great earthquake neai* the Peruvian 
Andes. It has been calculated that the width of 
this wave varied from one million to live million feet, 
or roughly from 200 to 1,000 miles, while, when in 
inid-Paciflc, the length of the wave, measured along 
its summit in a widely-curved path from one side to 
another of thegi'eat ocean, cannot have been lesa than 
8,000 miles. 

We cannot tell how deep-seated was tlie centre of 
Bubterranean action ; hut there can be no doubt it was 
very deep indeed, because otherwise the shock felt in 
towns sepai-ated from each other by hundreds of miles 
CO aid not have been bo nearly contemporaneous. 
Therefore the portion of the earfcli's crust upheaved 
must have been enormous, for the length of the 
region where the direct effects of the earthquake wore 
perceived is estimated by Professor von Ilochstetter 
at no lesa than 2iO miles. The breadth of the region 
is unknown, because the slope of the Andes on one 
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side and the ocean on tlie other coiicDalcd the motion 
of the earth's crust. 

The great oeean-wave swept, aa we have said, in all 
directions around the scene of the earth-throe. Over 
a large part of its course its passage was unnoted, 
because in the open sea the effects even of bo vast an 
undulation could not be perceived. A ship would 
slowly rise as the crest of the great wave passed under 
her, and then as slowly sink again. This may seem 
strange, at first sight, 'when it is remembered that in 
reality the great sea-wave we are considering swept at 
the rate of three or four hundred sea-miles an hour 
over the larger part of the Pacific. But when the 
trne chai'actei" of ocean-waves is undei^tood, when it is 
remembered that there is no transference of the water 
itself at this enormous rate, but simply a transmission 
of motion (precisely as when in a high wind waves 
sweep rapidly over a cornfield, while yet each corn- 
stalk remains fixed in the ground), it will be seen 
that the efiects of the great sea^wave could only be 
perceived near the shore. Even there, as we shall 
presently see, there was much to convey the impres- 
sion that the land itself was rising and falling rather 
than that the deep was moved. But among the 
hundreds of ships, which were sailing upon the Pacific 
when its length and breadth were traversed by the 
great sea-wave, there was not one in which any uiv 
usual motion was perceived. 
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In somewhat less than three hours after the occur- 
rence of the earthquake, the ocean-wave inundated the 
port of Coquimho, on the Chilian seaboard, soine 800 
miles from Arica. An hoiu' or so later it had reached 
Conatitucion, 450 miles farther Bonth; and here for 
same three hours the sea rose and fell with strange 
violence. Farther south, along the shore of Chili, 
even to the island of Chiloc, the shore-wave travelled, 
though with continually diminishing force, owing, 
doubtless, to the resietanco which the irregulainties of 
the shore opposed to its progress. 

The northerly shore-wave seema to have been more 
considerable ; and a moment's study of a chart of the 
two Americas will show that this circumstance is 
highly significant. When we remember that the 
principal effects of the land-shock were experienced 
■within that angle which the Peruvian Andes form 
■with the long north-and-south line of the Chilian and 
Bolivian Andes, we see at once that had the centre of 
the subterranean action been near the scene where the 
most destructive effects were perceived, no sea-wave, 
or but a small one, could have been sent toward the 
shores of INorth Amenca, The projecting shores of 
northern Peru and Ecuador could not have failed to 
divert the sea-wave toward the west ; and though a 
reflected wave might have reached California, it woiild 
only have been after a considerable interval of time, 
and with dimensions much less than those of the sea- 
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wave which travelled southward. When we see that, 
on the contrary, a wave of even greater proportions 
travelled toward tlie shores of Korth America, we 
seem forced to the conclusion that the centre of the 
subterranean action must have been so far to the west 
that the sea-wave generated by it had a free conrse to 
the shores of California. 

Be this as it may, there can be no doubt that the 
wave which swept the shores of Southern California, 
rising npward of sixty feet above the ordinary sea- 
level, was absolutely the most imposing of all the 
indirect effects of the great earthquake. When we 
consider that even in San Pedro Bay, fully five thou- 
sand miles from the centre of disturbance, a wave 
twice the height of an ordinary house rolled in with 
unspeakable violence only a few hours after the occur- 
rence of the earth-throe, we are most strihingly im- 
pressed with the tremendous energy of the earth's 
movement. 

Turning to the open ocean, let us track the great 
wave on its course past the multitudinous islands which 
dot the surface of the great Pacific. 

Tlie inhabitants of the Sandwich Islands, which lie 
aboiit 6,300 miles &om Arica, might have imagined 
themselves safe from any effects which could be pro- 
duced by an earthquake taking place so far away from 
them. But on the night between August 13th and 14th, 
the sea around this island-gi'oup rose in a surprising 
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3r, insoinucli tliafc many thought the islands were 
sinking, and woiild shortly Bubsido altogetlier beneath 
the waves. Some of the smaller islands, indeed, were 
for a time completely submerged. Before long, how- 
ever, the sea fell again, and as it did so the observers 
" found it impossible to resist the impression that the 
islands were rising bodily out of tlie water," Tor no 
le^ tlian three days this strange oscillation of the sea 
continued to be experienced, the most remarkable ebbs 
and floods being' noticed at Honolnlu, on the island of 
"Woaboo. 

•But the sea-wave swept onward far beyond these 
islands. 

At Totohama, in Japan, more than 10,500 miles 
from Ariea, an enormous wave pom-cd in on August 
lith, bat at what hour wo have no satisfactory record. 
So far as distance is concerned, this wave affords most 
surprising evidence of the stupendous nature of the 
disturbance to which the waters of the Pacific Ocean 
had been subjected. The whole circnmfercnce of the 
earth is but 25,000 miles, so that this wave had trav- 
elled over a distance considerably greater than two- 
fifths of the earth's circumference, A distance which 
tlie swiftest of our ships could not traverse in less than 
six or seven weeks had been swept over by this enor- 
mous undulation in the course of a few hours. 

More complete details reach us from the Southern 
Pacific, 
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Shortly before midnight tlie llarqnesas Isles aiid 
the low-lying Tuamotu group were visited hy the 
great wave, and some of these islands were completely 
euhmerged by it. The lonely Opara Isle, where the 
Bteamera which run between Panama and !N'ew Zealand 
have theii" coaling-station, was visited at about half- 
past eleven in the evening by a biUow which swept 
away a portion of the coal-depot. Afterward great 
waves came rolling in at intervals of ahout twenty 
minutes, and several days elapsed before the sea re- 
sumed its ordinary ebb and flow. 

It was not until about half-past two on the morning 
of August 14th, that the Samoa Isles (sometimes called 
the Navigator Islands) were visited by the great wave. 
The watchmen startled the inhabitants from their sleep 
by the cry that the sea was about to overwhelm them ; 
and already, when the teri'ified people rushed from 
their houses, the sea was found to Iiave risen far above 
the highest water-mark. But it presently began to 
sink again, and then commenced a aeries of oscillations, 
which lasted for several days, and were of a very re- 
markable nature. , Once in every quarter of an hour 
the sea rose and fell, but it was noticed that it rose 
twice as rapidly as it sank. This peculiarity is well 
worth remarking. The eminent physicist Mallet 
speaks thus (we follow Lyell's quotation) about the 
waves which traverse an open sea : " The great sea- 
wavo, advancing at the rate of several miles in a 
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minute, consists, in the deep ocean, of a long, low 
swell of enormous Tolnme, having an eijnal Blopc 
before and behind, and that so gentle that it might 
pass under a ship without being noticed. But when it 
reaches the edge of soundings, its front slope becomes 
short and steep, while its rear slope is long and gentle." 
On the shores yiaited by such a wave, the sea would 
appear to rise more rapidly than it sank. Wc have 
seen that this happened on the shorea of the Samoa 
group, and therefore the way in which the sea rose 
and fell on the days following the great earthquake 
gave significant evidence of the nature of the sea- 
bottom in the neighborhood of these islands. As 
the change of the great wave's figure eould not have 
been quickly communicated, we may conclude with 
certainty that the Samoan Islands are the summits of 
lofty mountains, whose sloping sides extend far toward 
the east. 

This conclusion afi^ords interesting evidence of tho 
necessity of observing even the seemingly trifling de- 
tails of important phenomena. 

The wave which visited the U'ew-Zealand Isles was 
altogether different in character, affording a note- 
worthy illustration of another remark of Mallet's. He 
says that where the sea-bottom slopes in such a way 
that there is water of some depth close in-shore, the 
great wave may roll in and do little damage; and we 
have seen that so it happened in the case of the 



3d b, Google 



230 LIGHT SCIENCE i'OR LEISURE nOUES. 

Samoan Islands. But he adda, that "where the shore 
is shelving, there ■will be first a retreat of the water, 
and then the wave will break upon the beach and roll 
far in upon the land." This ia pi-ecisely what happened 
■when the great wave reached the eastern shores of 
New Zealand, which are known to shelve down to 
very shallow water contlnuiiig far away to sea toward 
the east. 

At about lialf past three on the morning of August 
14th, the water began to retreat in a singular manner 
from the port of Littleton, on the eastern shores of the 
Bouthernmost of the ^New-Zealand Islands. At length 
the whole port was left entirely dry, and so remained 
for abtfnt twenty minutes. Then the water waa seen 
returning like a wall of foam ten or twelve feet in 
height, which rushed with a tremendous noise upon 
the port and town. Toward five o'clock the water 
again retired, very slowly as before, not reaching its 
lowest ebb until six. An hour later, a second huge 
wave inundated the port. Four times the sea retired 
and returned with great power at intervals of about two 
hours. Afterward the oscillation of the water was 
less considerable, but it had not wholly ceased until 
August 17th, and only on the 18th did the regular ebb 
and flow if the tide recommence. 

Around the Samoa group the water rose and fell 
once in every fifteen minutes, while on the shores of 
New Zealand each oscillation lasted no less than tvm 
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hours. Doubtless the different depths of water, the 
irregular conformation of the island-groups, and other 
like circumstances, were principally concerned in pro- 
ducing these singular variations. Yet they do not 
seem fully sufficient to account for so wide a range of 
difference. PoBeibly a cause yet unnoticed may have 
had somothing to do with the peculiarity. In waves 
of such enormous extent, it would he quite impossible 
to determine whether the course of the wave-motion 
was directed full upon a line of shore or more or less 
obhqucly. It is clear that in the former ease the 
waves would seem to follow each other more swiftly 
tlian in the latter, even though there were no difference 
in their velocity. 

Far on beyond the shores of New Zealand the great 
■wave coursed, reaching at length the coast of Australia. 
At dawn of August 14th, iMoreton Bay was visited by 
live well-marked waves. At Newcastle, on the Hunter 
Hiver, the sea rose and fell several times in a remark- 
able manner, the oscillatory motion commencing at 
half-past six in the morning. But the most significant 
evidence of the extent to which the sea-wave travelled 
in this direction was afforded at Port Fairy, Belfast, 
South Tictotia. Here the oscillation of the water was 
distinctly perceived at mid-day on August 14th ; and 
yet, to reach this point, the eca-wave must not only 
have travelled on a circuitous courae nearly equal in 
length to half the circumference of the earth, hut must 
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have passed through Bass's Straits, between Australia 
and Tan Diemen's Land, and so have lost a considera- 
hle poi'tion of its force and dimensions. When ■we I'e- 
meiiiber that had not the effects of the earth-shock on 
the water been limited by the shores of South America, 
a wave of disturbance equal in extent to that which 
travelled westward would have swept toward the east, 
we see tliat the force of the shock was snfBcient to have 
disturbed the waters of an ocean covering the whole 
surface of the earth. For the sea-waves which reached 
Tokohama in one direction and Port Fairy in another 
had each traversed a distance nearly equal to half tlio 
earth's circumference; so that if the surface of the 
earth were all sea, waves setting out in opposite direc- 
tions from the centre of disturbance would have met 
each other at the antipodes of their starting-point. 

It- is impossible to contemplate the effects which 
followed the great carth^juake — the passage of a sea- 
wave of enoimouB volume over fully one-third of the 
earth's surface, and the force with which, on the far- 
thermost limits of its range, the wave rolled in upon 
shores more than 10,000 miles from its starting-place— 
witliout feehiig that those geologists are right who 
deny that the subterranean forces of the earth are 
diminishing in intensity. It may be difficult, perhaps, 
to look on the effects which are ascribed to ancient 
earth-throes without imagining for a while that the 
power of modern earthquakes is altogether less, But 
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when we consider fairly the share which time liad in 
those ancient processes of change, when we see that 
while mountain-ranges were being upheaved or Taileys 
depressed to their present position, race after race and 
type after type appeared on the earth, and lived out 
the long Hves which belong to races and to types, we 
are recalled to the remembrance of the great work 
which the earth's subterranean forces are still engaged 
upon. Even now, continents are being slowly de- 
pressed or upheaved ; even now mountain-ranges are 
being raised to a new level, table-lands are in process 
of formation, and great valleys are being gradually 
scooped out. It may need an occasional outburst such 
as the earfchqualie of August, 1868, to remind us that 
great forces are at work beneath the earth's sui-face. 
But, in reality, the signs of change have long been 
noted. Old shore-lines shift their place, old soundings 
vary; the sea advances in one place and retires in 
another; on every side Nature's plastic hand is at 
work modelHng and remodelling the earth, in order 
that it may always be a fit abode for those who are to 
dwell upon it. 

(From Frasei-'s Mayaxi'ie, July, 1870.) 



TEE USEFULIirESS OF EABTHQUAKSS. 

"We have lately had fearful evidence of the energy 
of the earth's internal forces. A vibration which, 
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■when considered witli reference to the dimeneiona of 
the earth's glohe, may be spoken of as an indefinitely 
minute quivering limited to an insignificant area, has 
Biifflced to destroy the cities and villages of whole prov- 
inces, to cause the death of thousands of human hemgs, 
and to effect a desti'uction of property which must he 
estimated hy millions of pounds sterling. Such a ca- 
tastrophe as this serves indeed to show how poor and 
weak a creature man is in presence of the grand work- 
ings of ligature. The mere throes which accompany 
her unseen subterranean efforts suffice to ernmble man's 
strongest huildinj^ in a moment into dust, while the 
unfortunate inhabitants are either crushed to death 
among the ruins, or forced to remain sbuddering spec- 
tators of the destruction of their homes. 

At first sight it may seem paradoxical to assert 
that earthquakes, fearfully destructive as they have 
so often proved, are yet essentially preservative and 
restorative phenomena; yet this is strictly the case. 
Had no earthquakes taken place in old times, man 
would not now be living on the face of the earth ; if 
no earthquakes were to take place in future, the term 
of man's existence would be limited within a range of 
time far less than that to which it seems likely, in all 
probability, to be extended. 

If the solid substance of the earth formed a perfect 
sphere in ante-geologic times — ^that is, in ages preceding 
those to wbieh our present geologic studies extend- 
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Uiere can be no doubt that there was then no visible 
land above the surface of the water ; the ocean must 
have formed a uniformly deep covering to tlie sub- 
merged surface of the solid globe. In thia state of 
things, nothing but the earth's subterranean forces 
could tend to the production of continents and islands. 
Let us be understood. We are not referring to tlic 
possibility or impossibility that lands and seas should 
suddenly have assumed their present figure -without 
convulsion of any sort ; this might have happened, 
since the Creator of all things can doubtless modify all 
things according to His will; wo merely say that, 
assuming that in the beginning, as now, He permitted 
all things to work according to the laws He has ap- 
pointed, then, undoubtedly, the sxibmerged eaa-th must 
have risen above the sea by the action of those very 
forms of force which produce the earthquake in our 
own times. 

However this may be, it is qaite certain that when 
oneo continents and islands had been formed, there 
immediately began a struggle between destructive and 
restorative (rather, perhaps, than preservative) forces. 

The great enemy of the land is water, and water 
works the destruction of the land in two principal 
ways. 

In the first place, the sea tends to destroy the land 
by beating on its shores, and thns continually washing 
it away. It may seem at fii-st sight that this process 
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must necessarily bo a slow one ; in fact, many may 
be disposed to say tliat it is certainly a slow process, 
since we see that it does not alter tlie forms of conti- 
nents and islands perceptibly in long intervals of time. 
But, as a matter of fact, wo have never iiad an oppoi- 
tunity of estimating the full effects of this cause, since 
its action is continually being checked by the restora- 
tive forces we shall presently have to consider. Were 
it not thus checked, there can he little donbt that its 
effects would be cumulative ; for the longer the process 
continued — tliat is, the more the land was beaten 
away — tho higher would the sea rise, and the greatev 
power would it have to effect the destruction of tlio 
remaining land. 

We proceed to give a few instances of the sea's 
power of effecting the rapid destruction of tlie land 
when nothing happens to interfere with the local 
action — premising, that this effect is altogether insig- 
nificant in comparison with that which would talie 
place, even in that particular spot, if the sea's action 
were everywhere left nncheeked. 

The Shetland Isles are composed of substances 
which seem, of all others, best iitted to resist the 
disintegrating forces of the sea — namely, granite, 
gneiss, mica-slate, serpentine, greenstone, and many 
other forms of rock ; yet, exposed as these islands are 
to the uncontrolled violence of the Atlantic Ocean, 
they are undergoing a process of destruction which, 
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even within historical times, haa produced very note- 
worthy changes. " Steep cliffs aj'e hollowed out," says 
Sir Charles Lyell, "into deep caves and lofty arches ; 
and almost every promontory ends in a cluster of 
rocks, imitating the forms of columns, pinnacles, and 
obelisks." Speaking of one of the islands of this 
gi'oup. Dr. Hibbert says : " The isle of Stennesa pre- 
sents a ecene of unequalled desolation. In stormy 
winters, large blocks of stone are overturned, or are 
removed from their native beds, and hurried to a 
distance almost incredible. In the winter of 1S02, a 
tabular mass, eight feet two inches by seven feet, and 
five feet one inch thick, was dislodged from its bed, 
and carried to a distance of Irom eighty to ninety 
feet." In other parts of the Shetland Isles, where the 
sea has encountered less solid materials, the work of 
destruction has proceeded yet more effectively. In 
Hoeness, for example, the sea has wrought its way 
so fiei'cely, that a large cavernous aperture 250 feet 
long has been hollowed out, "But the most sublime 
scene," says Dr. Hibbert, " is where a mural pile of 
porphyry, escaping the process of disintegration that 
is devastating the coast, appears to have been left as 
a sort of rampart against the inroads of the ocean. 
The Atlantic, when provoked by wintiy gales, battera 
against it with all the force of real artillery ; and tho 
waves, in their repeated assaults, have at length forced 
for themselves an entrance. This breach, named the 
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Grind of tlie Navir, is widened every winter by the 
overwhelming surge that, finding a passage through 
it, separates large stones from its sides, and forces 
them to a distance of no less than 180 feet. In two 
or threo spots, the fragments which have heen de- 
tached are brought together in immense heaps, that 
appear as an aocumnlation of cubical masses, the prod- 
uct of some quarry." 

Let us next turn to a portion of the coast-line of 
Great Britain which is neitlier defended, on the ono 
hand, by barriers of rock, nor attaeked, on the other, 
hy the fall fury of the Atlantic currents. Along the 
whole coast of Torhshu-e, we find evidences of a con- 
tinnal process of dilapidation. Between tLe projecting 
lieadland of Plamborongh and Spurn Point (the coast 
of Holderness), the waste is particularly rapid. Many 
spots, which are now mere sand-banka, are marked 
in the old maps of Yorkshire as the sites of ancient 
towns and villages. Speaking of Hyde (one of these), 
Pennant says : " Only the tradition is left of this 
town." Owthorne and its church have been for the most 
part destroyed, as also Anhum, Ilarthum, and Kilnsea. 
Mt, Phillips, in his " Geology of Yorkshire," states 
that not unreasonable fears are entertained that, at 
some future time. Spurn Point itself will become an 
island, or he wholly washed away, and then the ocean, 
entering into the estuary of the Ilumber, will cause 
great devastation. Pennant states that " Eevcral places, 
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once towns of note upon tlie liumter, are now onlv 
recorded in history ; and Itavensperg was at one time 
a rival of Hull, and a port bo very considerable in 
1342, that Edward Baliol and the confederated Eng- 
lish barons sailed from hence to invade Scotland ; and 
Henry IV., in 1399, made choice of this port to land 
at, to effect the depcal of Kichard II. ; yet the whole 
of this has bince been devoured by the mereilesa 
ocean ; e\tensive sand?, dry at low water, are to be 
been m their stead." The same writer also describes 
Spurn Point as shaped like a sickle, and the land to 
the north, he says, was " perpetually preyed on hy the 
fury of the German Sea, which devours whole acres at 
a time." 

The decay of the shores of Norfolk and Suffolk 
is also reraai'kably rapid. Sir Charles Lyell relates 
some facts which throw an interesting light on the 
ravages which the sea commits ui>on the land here. 
It was computed that when a certain inn was built at 
Sherringham, seventy years would pass before the sea 
could reach the spot; "the mean loss of land being 
calculated from previous observations to be somewhat 
less than one yard annually." But no allowance had 
been made for the fact that the ground sloped //■ci?« the 
sea. In consequence of tliis peculiarity, the waste be- 
came gi-eater and greater every year as the cliff gi'ew 
lower. "Between the years 1824 and 1829, no less 
than seventeen yards were swept away ; " and when 
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Sir Charles Lyell saw the place, only a small garden 
was left between the building and the sea. We need 
hardly add that all vestiges of the inn have long since 
been swept away. Lyell also relates that, in 1829, 
there was a depth of water sufficient to float a frigate 
at a point where, less tlian half a century before, there 
stood a cliff fiftj' feet higli witli houses upon it. 

We hare selected these portions of the coast of 
Great Britian, not because the- destruction of our 
shores is greater here than elsewhere, hut as serving to 
illustrate processes of waste and demolition which are 
going on around all tlie shores, not merely of Great 
Britain, but of every country on tlie face of the earth. 
Here and there, as we have said, there are instances in 
which a contrary process seems to be in action. Low- 
lying banks and shoals are formed — sometimes along 
stretches of coast extending for a considerable distance. 
But when we consider these formations closely, -we iind 
that they rather afford evidence of tlie energy of the 
destructive forces to which the land is subject than 
promise to mate up for the land whicli lias been swept 
away. In the first place, every part of these banks 
consists of the debris of other coasts. Now, we cannot 
doubt tliat of earth which is washed away from our 
shores, by far the larger part finds its way to the bot- 
tom of the deep seas ; a small proportion only can be 
brouglit (by some peculiarity in the distribution of 
ocean -currents, or in the progress of the tidal wave) to 
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aid in tliQ formation of shoals and banks. Tlie larger, 
therefore, such slioala and banks may be, the larger 
must be the amount of land which has been washed 
away never to reappear. And although banks and 
slioala of this sort grow year by year lai-ger and 
larger, yet (unless added to artificially) they continue 
always either beneath the surface of the water, in the 
case of shoals, or but very slightly raised above the 
surface. Now, if we suppose the destruction of land 
to proceed unchecked, it is manifest that at some 
period, however remote, the formation of shoals and 
banks must come to an end, owing to the continual 
diminution of the land from the demolition of which 
they derive their substance. In the mean time, the 
bed of the sea would be continually filling up, the 
level of the sea would be continually rising, and 
thus the banks would either be wholly submerged 
through the effect of this cause alone, or they would 
have so slight an elevation above the sea-level, that they 
would offer little resistance to the destructive effects of 
the sea, which would now have no other land to act upon. 
But we have yet to consider the second principal 
cause of the wasting away of the land. The cause we 
have just been dealing with acts upon the shores or 
outlines of islands and continents ; the one we have now 
to consider acts upon their interior. It will, perhaps, 
iiardly be supposed that the fall of rain upon the land 
could have any appreciable infiueneo in the demolition 

11 
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of continents ; but as a matter of fact, there are few 
cansea to which geologists are disposed to aaciibe more 
importance. The very fact tliat enormous deltas have 
been formed at the mouths of many rivers — in other 
words, the actnai growth of continents through the 
effects of rainfall— is a proof how largely this cause 
must tend to destroy and disintegrate the interiors of 
our continents. Dwelling on this point, Sir Charles 
Lyell presents the following remarkable illustration : 
"During a tour in Spain," he writes, "I was surprised 
to see a district of gently-undulating ground in Cata- 
lonia, consisting of red and gray sandstone, and in some 
parts of red marl, almost entirely denuded of herbage ; 
while the roots of the pines, holm oaks, and some other 
trees, were half exposed, as if the soil had been washed 
away by a flood. Such is the state of tho forests, for 
example, between Oristo and Vich, and near San 
Lorenzo. But, being overtaken by a violent thunder- 
storm in the month of August, I saw the whole surface, 
even the highest levels of some flat-topped hills, stream- 
ing with mud, whilo on every declivity the devastation 
of toiTents was terrific. The peculiarities in the phys- 
iognomy of the district were at one explained ; and I 
was taught that, in speculating on the greater eiTects 
which the direct action of rain may once have produced 
on the surface of certain parts of England, we need 
not revert to periods when the heat of the climate was 
tropical," 



3d b, Google 



THE USEFULNESS OF EARTHQUAKES. 243 

Combining the effects of tbe sea's action upon the 
shores of continents, and of tbe action of rain upon 
tbeir interior, and romembering that unless the process 
of demolition were checked in some way, each cause 
would act from year to year with new force — one 
through the effects of the gradual rise of tbe sea-bed, 
and tlie other tlu'ough the effects of the gradual incresi^e 
of the surface of ocean exposed to the raporizing action 
of the sun, which increase would necessarily increase 
tbe quantity of rain yearly precipitated on the land — 
we see tbe Justice of the opinion expressed by Sir John 
Ilerechel, that, " bad tbe primeval world boon eon- 
(tructed as it now exists, time enough has elapsed, and 
force enough directed to that end lias been in activity, 
tohave long ago destroyed every -oestige of land." 

We see, then, the necessity that exists for the action 
of some restorative or preservative force sufficient to 
counteract the effects of the continuous processes of 
destruction we have indicated above. If we consider, 
we shall see that the destrnctive forces owe tbeir effi- 
ciency to tbeii" levelling action, that is, to their influence 
in reducing the solid part of the earth to tbe figure of 
a perfect sphere ; therefore the form of force which is 
required to counteract them is one that shall tend to 
produce irregularities in the surface-contour of the 
earth. And it will be remarked that, although iip- 
heaval is the process which appears at first sight to be 
tiie only effectual remedy to the levelling action of 
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rains and ocean-curreuta, yet the forcible depi'easioii of 
tiie earth's surface may prove in many instances yet 
more effective, since it may serve to reduce the sea- 
level in other places. 

Now, the earth's subterranean forces serve to pro- 
duce the very effects which are i-equired in order to 
counteract the continual disintegration of the sliores 
and interior parts of continents. In the first place, 
their action is not distributed with any approach to 
uniformity over different parts of the earth's crust, and 
therefore the figure they tend to give to the surface of 
that crust is not that of a perfect sphere. This, of 
itself, secures the uprising of some parts of the solid 
earth above the sea-level. But this is not all. On a 
comparison of the various effects due to the action of 
subterranean forces, it has been found that the forces 
of upheaval act (on the whole) more powerfully under 
continents, and especially under the shore-lines of con- 
tinents, while the forces of depression act most power- 
fully (on the whole) under the bed of the ocean. It need 
hardly be said that whenever the earth is upheaved in 
one part, it must bo depressed somewhere else. I^ot 
necessarily at the same instant, it should be remarked. 
T!ie process of upheaval may be either momentarily 
accompanied by a corresponding process of depression, 
or the latter process may take place by a gradual 
action of the elastic powers of the earth's crust; but in 
one iviiy or the other, the balance between upheaval 
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and depression must be restored. Hence, if it can be 
sliown that for tbe most part tbe forces of upheaval act 
underneath, the land, it follows — though we may not be 
ahle to recognize tbe fact by obvious visible signs — 
that proceseea of depression are taking place under- 
neath the ocean. "Now, active volcanoes mark the 
centre of a district of upheaval, and nearly all volca- 
noes are found near the sea. It seems as if Nature 
bad provided against the inroads of the ocean by seat- 
ing the earth's upheaving forces just where they arc 
most wanted. 

Even in earthquake districts which have no active 
vent, the same law is found to prevail. It is supposed 
by the most eminent seismologists that earthquake re- 
gions around a volcano, and earthquake regions appar- 
ently disconnected form any outlet, differ only in this 
respect, that in tbe one case the subterranean forces 
have had sufficient power to produce the phenomena of 
eruption, while in the other they have not. In " earth- 
quakes," Bays Humboldt, "we have evidence of a vol- 
cano-producing force ; but such a force, as universally 
diffused as tbe internal heat of the globe, and proclaim- 
ing itself everywhere, rarely acts with sufficient energy 
to produce actual eruptive phenomena ; and when it 
does so, it is only in isolated and particular places." 

Of tbe influence of the earth's subterranean forces 
in altering the level of the land, we might quote many 
remarkable instances, but considerations of space corn- 
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pel US to conline oui^elvea to two or tliree. The slow 
processes of upheaval or depression may, perhaps, seem 
leas immediately referable to subterranean action than 
those "n'liieh are produced dui'ing the progress of an 
actual earthquake. We pass over, therefore, such phe- 
nomena as the gradual uprising of Sweden, the slow 
sinking of Greenland, and (still proceeding westward) 
the gradual uprising of Nova Scotia and the shores of 
Hudson's Bay. Remarkable and suggestive as these 
phenomena really are, and indisputable as the evidence 
is on which they rest, they will probably seem much 
less striking to our readei's than those which we are 
now aboiit to quote. 

On the 19th of I^ovember, 1832, a widely-felt and 
destructive earthquake was experienced in Chili. On 
the next day, it was noticed for the first time that a 
broad line of sea-coast had been deserted by the sea 
for more than one hundred miles. A largo part of this 
tract was covered by shell-fish, which soon died, and 
exhaled the most offensive efiliivia. Between the old 
low-water mark and the new one, the fishermen found 
burrowing shells, which they formerly had to search 
for amid tlie surf. Kocks some way out to sea which 
had formerly been covered, wore now dry at half ebb- 
tide. 

Careful measurements showed that tlie rise of the 
land was greater at some distance inshore than along 
tiio beach, TIic water-course of a mill about a mile 
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inland from the sea had gained a fall of fourteen inches 
in little more than a hundred yards. At "Valparaiso, 
the rise was three feet ; at Quintero, four feet. 

Ill February, 1835, and in November, 1837, a largo 
tract of Chili was similai'ly shaken, a permanent rise of 
two feet following the former earthcjnake, and a rise of 
eight feet the latter. 

The earthquake which took place at Cuteh in 1819 
is perhaps in some respects yet more remarkable. In 
this instance, phenomena of subsidence, as well as phe- 
nomena of upheaval, were witnessed. The estuary of 
the Indus, which had long been closed to navigation — 
being, in fact, only a foot deep at ebb-tide, and never 
more than six feet at flood — was deepened in parts to 
more than eighteen feet at low water. The fort and 
village of Sindree was submerged, only the tops of 
houses and walls being visible above the water. But 
although this earthquake seemed thus to have a land- 
destroying instead of a land-creating effect, yet the 
instances of upheaval were, even in this case, far more 
remarkable than those of depression. "Immediately 
after the shock," says Sir Charles Lyell, " the inhabit- 
ants of Sindree saw at a distance of five miles and a 
half from their village a long, elevated mound, where 
previously tliere had been a low and perfectly level 
plain. To this uplifted tract they gave the name of 
trilah-Eund, or the 'Mound of God,' to distinguish it 
from several artificial dams previoixsly tlirown acroES 
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the eastei'n arm of tlis Indus. It liaa been a 
Le adds, " that this new-raised country is upward of 
fifty miles in length from east to -weatininniDg parallel 
to the line of subsidence which caused the grounds 
around Sindree to be flooded. The breadth of the ele- 
ration is conjectured to be in some parts sixteen miles, 
and its greatest ascertained height above the original 
level of the delta is ten feet — an elevation which ap- 
pears to the eye to be very uniform tlironghout." 

(From Chamler^a Journal, November 7, 1863.) 



27/A' FORCING POWER OF RAIN. 

TnEEE is an old proverb which implies that England 
need never fear drought ; and we have had clear evi- 
dence this year that an exceptionally dry summer is 
not necessarily followed by a bad harvest. But we 
believe that when a balance is carefully struck between 
the good and tlie evil effects resulting from excessive 
drought in England, it will be found that the latter 
largely prevail. In fact, it is only necessary to observe 
the effects which have followed the recent wet weather 
to recognize the fact that rain has a forcing power, the 
very diminished supply of which at the due season 
cannot fail to have seriously injurious effects. In va- 
rioim parts of England we see evidences of the action 
of such a power during the present autumn in the 
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blossoming of trees, in tlie fiowering of primroses and 
other spring plants, in rich growths of fnngi, and in 
vaidoua other ways. It cannot be douhted that there 
is here a comparative waste of powers, which, expended 
in due season, would hare produced valuable results. 

The modern theories of the correlation of force 
suffice to show how enormous a loss a country auffers 
when there is a failure in the supply of rain, or when 
that supply comes out of its due season. When we 
consider rain in connection with the causes to which 
it is due, we begin to recognize the enormous amount 
of power of which the ordinary rainfall of a country is 
the representative ; and we can well understand how 
it is that "the clouds drop fatness on the earth." 

The sun's heat is, of coui^e, the main agent — we 
may almost say the only agent — in supplying the rain- 
fall of a country. The process of evaporation carried 
on over large portions of the ocean's surface is con- 
tinually storing up enormous masses of water in the 
form of invisible aqueous vapor, ready to be trans- 
formed into cloud, then wafted for hundi'eds of miles 
aortas seas and continents, to be finally precipitated 
over this or tliat country, according to the conditions 
which determine the downfall of rain. These processes 
do not appear, at first sight, indicative of any very- 
great expenditure of force, yet, in reality, the force- 
equivalent of the rain-snpply of England alone for a 
single year is something positively startling. It has 
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been calculated that tlie amonnt of heat required to 
evaporate a quantity of water which would cover an 
area of 100 miles to a depth of one inch would he equal 
to the heat which would be produced by the combus- 
tion of half a million tons of coals. The amount of 
force of which tliis consumption of heat would be the 
equivalent, corresponds to that which would be required 
to raise a weight of upward of one thousand millions 
of tons to a height of one mile. Now, when we re- 
member that the area of Great Britain and Ireland ia 
about 120,000 squai'e miles, and that the annual rain- 
fall averages about 25 inches, we see that the force- 
equivalent of the rainfall is enormous. All tlio coal 
which could be raised from our English coal-mines in 
thousands of years would not give out heat enough to 
produce England's rain-supply for a single year, "When 
to this consideration we add the circumstance that the 
force of rain produces bad aa well as good effects — the 
former when the rain falls at undue seasons or in an 
irregular manner, the latter only when the rainfall is 
distributed in the usual manner among the seasons — 
we see that an important loss accrues to a country in 
such exceptional yeai"s as the present, 

Tliere are few subjects more interesting than those 
depending on the correlation of physical forces ; and 
we may add that there are few the study of which bears 
more largely on questions of agi'icultura! and commer- 
cial economy. It is only of late vears that the silent 
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forces of !Nature-— forces continually in action, but 
which are too apt to paaa unnoticed and unrecognized — 
have taken their due place in scientific inquiry. 
Strangely enougli, the subject has been found to have 
at once a moat practical beaiing on business relations, 
and an aspect more strikingly poetical than any other 
subject, perhaps, which inen of science have ever taken 
in hand to investigate. "We see the ordinary processes 
of Watnre, as they are termed, taking their place in 
tlie workshop of modem wealth, and at the same time 
exhibited in a hundred striking and interestiug physical 
relations. "What, for instance, can be stranger or more 
poetical than the contrast which Professor Tyndall has 
instituted between that old friend to the agriculturist — 
the wintry snow-flake — and the wild scenery of tlio 
Alps? " I have seen," he says, " the wild stone-ava- 
lanches of the Alps, which smoke and thunder down 
the declivities with a vehemence almost sufficient to 
stun the observer. I have also seen snow-fiakes de- 
scending so softly as not to hurt the fragile spangles 
of which they were composed ; yet to produce from 
aqueous vapor a quantity which a child could carry 
of that tender material demands an exertion of energy 
competent to gather np the shattered blocks of the 
largest stone-avalanche I have ever seen, and pitch 
them to twice the height from which they fell." 

We may point ont in this place the important con- 
nection which exists between the rainfall of a country 
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and tlie amount of forest-land. "We notice that in 
parts of America attention is being paid — witli mark- 
edly good results — to the influence of forests in encour- 
aging rainfall. We have here an. instance in which 
cause and effect are intercliangeable. Kain encourages 
the growth of an abundant vegetation, and abundant 
vegetation in turn aids to produce a state of the super- 
incumbent atmosphere which encourages the precipita- 
tion of rain. The consequence is, that it is very neces- 
sary to check, before it is too late, the processes which 
lead to the gradual destruction of forests. If these 
processes are continued until the climate has become 
excessively dry, it is almost impossible to remedy the 
mischief, simply because the want of moisture is de- 
structive to the trees which may be planted to encour- 
age rainfalls, TIius, there are few processes more 
difficult (as has been found by experience in parts of 
Spain and elsewhere) than the change of an arid region 
into a vegetation-covered district. In fact, if the region 
is one of great extent, the attempt to effect such a 
change is a perfectly hopeless one. On the other hand, 
the contrary process — that is, the attempt to change a 
climate which is too moist into one of less humidity — 
is in general not attended with much difficulty. A 
judicious system of clearing nearly always leads to the 
desired result. 

The dryness of the past year has not been due to 
the ivant of moisture in the air, nor to the exceptionally 
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unclouded condition of onr skies. "We believe that, 
on the whole, the skies have been rather more cloudy 
than usual this year, Tlie tact that bo little dew haa 
fallen is a sufficient proof that the nights have been on 
the whole more cloudy than usual, since, as is well 
known, the presence of clouds, by checking the radia- 
tion of the earth's heat, prevents (or at least diminishes) 
the foiination of dew. The fact would Beem to he that 
the westerly and soutli westerly winds wliich usually 
blow over England during a considerable part of the 
year, bringing with them large quantities of aqueous 
vapor from above the great Gulf Stream, have this 
year blown somewhat higher than usual. Why this 
should he it is not very easy to say. The height of 
the vapor-laden winds is usually supposed to depend 
on the heat of the weather. In summer, for instance, 
the clouds range higher, and therefore travel farther 
inland before they fall in rain. In winter, on the con- 
trary, they travel lower, and hence the rain falls more 
freeiy in the western than in the eastern countries 
during winter, A similar relation prevails in the 
Scandinavian peninswlar— Korway receiving more rain 
in winter than in summer, while Sweden receives more 
rain in summer than in the winter. Bat this sximmer 
the rain-clouds have blown so much higher than usual 
as to pass beyond England altogether. Possibly wo 
may find an explanation in the fact that before reach- 
ing our shores at all the clouds were relieved by heavy 
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rainfalls — probably due to some exceptional eleutrioal 
relations — over parts of the Atlantic Ocean, It is 
Gtated that the steamabipa from America this summer 
were, in many instances, drenched by heavy showers 
until they neared the coasts of England. 

(From the Daily News, Oclotjof 5, 1S«S,] 



A SHOWJSR OF SNOW-CRTSTALS. 

Testeedat morning a remarkably fine fall of snow- 
stars took place over many parts of London. The 
ciystala were larger and more perfectly formed than is 
commonly the case in our latitudes, where the con- 
ditions requisite for the formation of these beautiful 
■3 ai'e less perfectly fiiliilled than in more northerly 
Jdany forms were to be noticed which the 
researches of Scoresby, Glaisher, and Lowe, have shown 
to be somewhat nncommon. 

Many of our readers will, perhaps, be surprised to 
learn that no le^ than 1,000 different kinds of snow- 
crystals have been noticed by the observers named 
above, and that a large proportion of them have been 
figured and described. The patterns are of wonderful 
beauty. A strange circumstance connected with these 
objects is the fact that for the most part they are 
found, on a close examination, to be formed of minute 
colored crystals — some red, some green, others bhie 
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or purple. In fact, all the coIoi'S of tlie rainbow ai'o 
to be seen iu the delicate tracery of these fine hos- 
iigonal stars. So that in the perfect wliiteness of the 
driven snow we have an illustration of the well-known 
fact that the colors of the rainhow combine to form 
the purest wliite. For the common snow-flake is 
formed of a large number of such tiny crystals as were 
falling yesterday ; though their beanty is destroyed in 
the snow-flake, through the effects of collision and 
j)artial melting. It may not be very commonly known 
that ordinary ice, also, is composed of a combination 
of ciystals presenting all the regularity of formation 
seen in the snow-crystals. This would scarcely be 
believed by any one who examined a rough mass of 
ice taken from the surface of a frozen lake. Yet, if a 
slice be cut from the mass and placed in the sun's 
light, or before a fire, the beautiful phenomena called 
ice-flowers make their appearance — " A fairy seoras to 
have breathed upon the ice, and caused transparent 
flowers of exquisite beauty suddenly to blossom in 
myriads within it," 

When we remember that the enormous ice-bergs 
of the Arctic and Antarctic seas, the snow-caps which 
crown the Alps, and Andes, and Himalayas, and the 
glaciers which urge their way with resistless force 
down the mountain valleys, are all made up of theee 
delicate and beautiful snow-flowers, we are struck with 
the force of the strango contrasts which Nature pre- 
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Bents to OTir contemplation. We may say of the snow- 
erystala wliat Tennyson said of the small sea-shcll. 
Each snow-star is 

"Trail, but a work divine, 
Made so fairily ircll, 
So exquisitely miaute, 
A Huracle of design." 

Yet — ^massed together with all the prodigality of !Na- 
ture's unsparing hand — they crown the cYerlasting 
hills ; or, falling in avalanche and glacier, overwhelm 
tlie stoutest works of man ; or, in vast islands of float- 
ing ice, show themselves to be 

"Of force to withatand, year upon year, the aliock 
Of cataract seas tbat snap the three-decker's oaken spine." 

(From the Sfdbj iVeirs, March 11, 1889.) 



LONG SHOTS. 



Ova artiilorists have paid more attention of late 
years to the destructive properties of various tbnns of 
cannon than to tJie question of range. It was different 
when first the rifling of cannon was under discussion. 
Then the subject which was most attentively con- 
sidered (after accuracy of fire) was the range which 
might possibly be obtained by various improvements in 
the structure of rifled cannon. Many of our readers 
will remember liow, soon after the construction of 
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Armatrong guns had been commenced in the Govern- 
ment factories, a story was spread ahroad of the 
wonderful practice which had been made with this gun 
at a range of seven miles. At that tremendous range, 
a shot had been fired into the middle of a flock of 
geese, according to one version of the story; but this 
was presently improved upon, and we were told that a 
bird had been singled out of the flock by the artillerists 
and successfully "potted I" Many believed this little 
narrative; though some few, influenced perhaps by the 
consideration that a flock of geese would not be visible 
at a distance of seven miles, were obstinately in- 
credulous. Presently it turned out tliat the Ann- 
strong gun was incapable of throwing a shot to a 
distance of seven miles ; so that a certain, air of 
improbability has since attached to the narrative. 
Still there were not wanting those who referred to 
" Queen Anne's pocket-pi&tol " — the cannon which was 
able to throw shot across the Straits of Dover ; and in 
the fulness of their faith in that inytHcal piece of 
ordnance, they refused to believe that the skill of 
modern artillerists was unequal to the construction of 
cannon even more effective. 

If there are any who still believe in the powers 
ascribed to the far-famed " pocket-pistol," they will find 
their confidence in modem artillery largely shaken by 
the announcement that it is considered a great matter 
that one of "Whitworth's cannon should liave thrown a 
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shot to a distance of very nearly bIx and a half miles. 
Not only is this bo, however, but it is v^ell known that 
no piece of ordnance liaa ever flung a projectile to 80 
great a distance since first fire-arms were invented ; and 
it may be safely predicted that men will never be able 
to construct a cannon which — as far as range is con- 
cerned — will do much better than this one of Mr. 
Wliitworth's. The greatest range which had ever before 
been obtained fell somewhat short of six miles. The 
7-inch steel gun contrived by Mr. lynall Thomas had 
ilung a projectile weighing one hundred and seventy- 
five pounds to a distance of ten thousand and seventy- 
five yards ; and, according to General Lefroy's " Hand- 
boot of Artillery," that was the greatest range ever 
recorded. Bnt Mr, "Whitworth's cannon throws a shot 
more than a thousand yards farther. 

Very few have any idea of the difRcnltiea which 
oppose themselves to the attainment of a great range 
in artillery practice. It may seem, at first sight, the 
simplest possible matter to obtain an increase of range. 
Let the gun be made but strong enough to bear a suffi- 
cient charge, and range seems to be merely a question 
of the quantity of powder made nse of. But in reality 
the matter is much more complicated. The artillerist 
has to contrive that the whole of the powder made use 
of shall be burned befoi'e the shot leaves the cannon, 
and yet that the charge shall not explode so rapidly as 
to burst the ca.iinon. If he used some forms of powder, 
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very useful for special purposes, lialf the charge would 
be blown out without doing its share of work. On tlie 
other hand, there are some combustibles — as gun-cotton 
and the nitrates — which bum so fast that the gun 
would be likely to burst before the shot could be ex- 
pelled. Then, again, the shot must fit so closely that 
tliere shall be no windage, and yet not so closely as to 
resist too much the action of the exploding powder. 
Again, there is the form of the shot to be considered. 
A sphere is not the solid which passes most readily 
through a resisting medium like the air ; and yet, other 
projectiles, which are best so long as they maintain a 
certain position, meet with a greater resistance when 
once they begin to move unsteadily. The conoid used 
in ordinary rifle-practice, for example, passes much 
more freely through the air, point first, than an ordi- 
nary spherical bullet ; but ii the point did not travel 
first, as would happen but for the rifiing, or even if the 
conoidal bullet " swayed about " on its course, it would 
meet with more resistance than a spherical bullet. 
Hence the question of " fast or slow rifling " has to be 
considered. "T"ast rifling" gives the greater spin, but 
causes more resistance in the exit of the shot from 
the barrel ; with " slow rifling," these conditions are 
revelled. 

And then the common notion is that a cannon-hall 
travels in the curve called a parabola, and that artil- 
lerists have nothing to do but to calculate all about 
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this parabola, and to deduce tlie range from tlie initial 
velocity according to some simple principles deduced 
from the properties of tlio curve. All this is founded 
on a complete misapprehension of the true difficulties 
in the way of the problem. Only projectiles thrown 
with small velocity from the earth travel in parabolic 
paths. A cannon-hall follows a wholly different kind 
of curve. The resistance of the air, which seema to 
most persons a wholly insignificant item in the in- 
quiry, is so enormous in the case of a cannon-ball as to 
become by far the most important difficulty in the 
way of the practical artillerist. When a 250-pound 
shot is hiu'led with such force from a gun as to cover a 
range of six miles, the resistance of the air is about 
forty times the weight of the bail — that is, is eqniva^ 
lent to a weight of upward of four tons. The range 
is such a case as this is but a small fraction of that 
which would be given hy the ordinary parabolic 
theory. 

As regards artillery practice in war, there ai'e other 
difficulties in the attainment of a very extended range. 
Cannon meant for battering down forts cannot possibly 
be used in the same way that Whitworth's was used 
at Shoeburyness. If the shot flung from this gun at 
an elevation of thirty-three degrees could have been 
watched, it would have been found that it fell to the 
earth at a much greater angle — that is, much more 
nearly in a perpendicular direction. On the ordinary 
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parabolic theory, of course, the angle of fall would he 
the same as the angle of elevation, but under actual 
circumstances there is an important difference. If 
forta arc to be battered down, however, it will not 
serve that they should be struck from above; otir 
artiUerists must perforce keep to the old method of 
pounding away at the face of the forta they attack. 
Therefore, an elevation whicli is all very well for 
mortars — that is, when tlie ciuestion merely is of fling- 
ing a bomb into a town or fortress — is utterly unsnit- 
ed for ordinary artillery. With an elevation of 10°, 
Wliitworth's cannon scarcely projected the 250-lb. 
shot to a distance of three miles. 

The progress of the modem science of gunnery cer- 
tainly tends to increase the distance at which armies 
will engage each other. With field artillery flinging 
shot to a distance of two or three miles, and riflemen 
able to make tolerably sure practice at a distance of 
three-quarters of a mile, we are not likely often to hear 
of hand-to-hand conflicts in future warfare. The use 
of breech-loaders will also tend to the same effect. 
Hitherto we have scarcely had experience of the re- 
sults which these changes are to produce on modern 
warfare. At Sadowa breech-loadcra did not encounter 
breech-loaders, and it was easy for the victors in that 
battle to come to close quarters with their enemies. 
But in a battle where both sides are armed with 
breech-loaders, we shall probably see another sort of 
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affair altogetlier. The bayonet ■will be an almost use- 
less addition to the soldier's arms ; a charge of cavahy 
upon ■well-armed infantry ■will be almost aa hopeless 
as the famous BalaMava ehai-ge ; and the artillery on 
cither side will have to play a game at long shots. "We 
venture to anticipate that the first great European ■war 
will introduce a total change into the whole system of 
warlike raanceuvres.* 

(Fiom tlic Daily Nms, November, !868,) 



INFLUENCE OF MARRTAQE ON THE DEATH- 
MATE. 

The Royal Coininission on the Law of Marriage 
h^ attracted attention to many singular and instruc- 
tive results of modern statistical inquiry. ISTot the 
least important of these is the apparent influence of 
marriage on the death-rate. For several years it has 
been noticed by statisticians that the death-rate of un- 
maiTied men is considerably higher than the death-rate 
of mariied men and widowers. "We believe that Dr. 
Stark, Eegistrar-General for Scotland, was one of the 
first to call attention to this peculiarity, as evidenced 
by the results of two yeai's' returns for Scotland. But 
the law has since been confirmed by a far wider range 
of statistical inquiry. The relative proportion between 
iiost complete fulfil- 
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the death-rates of tlie married and of tlie unmarried is 
not al)Solutely uniform in different countries, but it is 
fairly enough represented hy tlie following table, which 
exhibits the mortality per thonaand of married and un- 
married men in Scotland : 

Ages. lIuBbMids mi Wulmvcw. UmnaiTiea. 

20 to 23 e.2G 12.81 

25 to 30 8.23 14.94 

SO to 35 8.65 15,94 

85 to 40 11,67 18.03 

40 to 45 14.0T 18.S5 

45 to 50 17.04 21.18 

50 to 55 19.54 36.34 

65 to 60 38.14 S8.54 

60 to 65 S5.63 44.54 

(15 to TO C2.93 60.31 

rotoTS 81.56 102.71 

TCtoSn HT.eS 143.94 

SO to 85 173.S3 195.40 

From this table we are to understand that out 
of one hundred thousand married persona (including 
widowers) from 20 to 25 years old, 626 die in the 
coMse of each year; while out of a similar number 
of unmarried persons, between the same ages, no less 
than 1,231 die in each year. And in like manner all 
the other lines of the table are to be interpreted. 

Commenting on the evidence supplied by the above 
iigures. Dr. Stark stated that " bachelorhood is moro 
destructive to hfo than the moat unwholesome trades, 
or than residence in an unwholssome house or district, 
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■where there lias never been the most distant attempt 
at sanitary improvement of any kind," And this view 
liaa been very generally accepted, not only by the 
public, but by professed statisticians. Yet as a matter 
of fact, we believe that no such inferences can legiti- 
mately be drawn from the above table. Dr. Stark 
appears to us to have fallen into the mistake, which 
H. Qnetelet tells us is so common, of trying to make his 
statistics carry more weight than they are capable of 
bearing. It is importaJit that the matter should be 
put in a just light, for the Koyal Commission on the 
Law of Marriage has revealed no more striking fact 
than that of the prevalence of immature marriages, 
and such reasoning aa Dr. Stark's certainly cannot 
tend to discourage these unwise alliances. If death 
strikes down in five years only half as many of those 
who are married as of those who aro unmarried be- 
tween the age of 20 and 25 (as appears from the above 
table), and if the proportion of deaths between the 
two classes goes on continually diminishing in each 
successive lustre (as is also shown by the above table), 
it seems reasonable to infer that the death-rate would 
be even more strikingly disproportionate in the case 
of persons between the ages of fifteen and twenty than 
in tiie ease of persons between the ages of twenty and 
twenty-five. We believe, indeed, that if Dr. Stark 
had extended his table to iuelude the former ages, the 
result would have been such as wc have indicated. 
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Yet few will Buppoae that such very youthful mcir- 
riages can exercise so singnlarly beneficial an effect. 

To many, Dr. Stark's conclusion may appear to he 
a natural and obvious se^tw from the evidence upon 
which it is founded. Admitting the facts — and we see 
no reason for doubting them — it may appear at iii^t 
sight that we are bound to accept the conclusion tliat 
matrimony is favorable to longevity. Yet tlie con- 
sideration of a few parallel cases will suffice to show 
how small a foundation the figures we have quoted 
supply for such a conclusion. "What would be thought, 
for example, of any of the following inferences ? 
Among hot-house plants there are observed a greater 
variety and brilliancy of color than among those which 
aro kept in the open air, therefore the housing of 
plants conduces to the splendor of their coloring. Or_ 
again : The average height of Life Guardsmen is 
greater than that of the rest of the male population, 
therefore to be a Life Guardsman conduces to tallness 
of stature. Or, to take an example still more doeely 
illustrative of Dr. Stark's reasoning — the average lon- 
gevity of noblemen exceeds that of untitled persons, 
therefore to have a title is conducive to longevity ; or 
f o borrow his words, " to remain without a title is more 
destructive to life than the most unwholesome trades, 
or than residence in an imwholesome house or district, 
where there has never been the most distant attempt 
at sanitary improvement of any hind," 

12 
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We know tliat the inference is absurd in eaeli of 
the above instances, and we'are able at once to show 
where the flaw in the reasoning lies. "We know that 
splendid flowers are more commonly selected for hous- 
ing, and that Life G-uardsmen ai'e chosen for their tall- 
ness, so that we are prevented from falling into the 
mistake of scribing splendor of color in the one 
instance, or tallness in the other, to the influence of 
causes which have nothing whatever to do with those 
attributes ; nor is any one likely to ascribe the lon- 
gevity of om nobility to the possession of a title. Yet 
there is nothing in any one of the above inferences 
which is in reality more unsound than Dr. Stark's 
inference from the mortality bills, when the latter are 
considered with due reference to the principles of in- 
terpretation which statisticians are bound to follow. 

The fact is, that in dealing with statistics the utmost 
care is required in order that our inferences may not 
be pushed beyond the evidence afforded by our facts. 
In the present instance, we have simply to deal with 
the fact that the death-rate of unmarried men is 
higher than the death-rate of married men and widow- 
ers. From this fact we cannot reason as Dr. Stark 
has done to a simple conclusion. All that we can do 
is to bIiow that one of three conclusions must bo 
adopted : Either matrimony is favorable (directly or 
indirectly) to longevity, in a degree sufficient wholly 
to account for the observed pec\iliarity ; or a principle 
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of selection — the efi'ect of whicli is such as, on the 
whole, to flu the ranks of man-ied men from among 
the healthier and stronger portion of the community — 
operates in a sufficient degree to acconnt wholly for 
the observed death-rates ; or, lastly, the observed death- 
rates are due to the combination, in some imknown 
proportion, of the two canses just mentioned. 

Jio reasonable doubt can exist, as it seems to us, 
that the third is the true conclusion to be drawn from 
the evidence supplied by the mortality bills. Unfor- 
tunately, tlie conclusion thus deduced is almost value- 
loss, because we are left wholly in doubt as to the pro- 
portion which subsists between the effects to be ascribed 
to the two causes thus shown to be in operation. It 
scarcely required the evidence of statistics to prove 
that each cause must operate to some extent. It is 
perfectly obvious, on the one hand, that although 
hundreds of men who would be held by insurance 
companies to be "bad lives" may contract marriage, 
yet on the whole a principle of selection is in operation 
which must tend to bring the healthier portion of the 
male community into the rants of tlie married, and to 
leave the unhealthier in the state of bachelorhood. A 
little consideration will show also that, on the whole, 
the members of the less healthy trades, very poor per- 
sons, habitual di'uniiards, and others whose prospects 
of long life are unfavorable, must (on the average of 
a large num,ber) be more likely to remain unmarried 
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than those more favorably situated. Another fact 
drawn from the Kegistrar- General's returns snfSces to 
prove the influence of poverty on the marriage-rate. 
We refer to the fact that marriages are invariably 
more numerous in seasons of prosperity than at other 
times. Improvident marriages are undoubtedly numei"- 
ouB, but prosperity and adversity have their influence, 
and that influence not unimportant, on the marriage 
returns. On the other hand, it is perfectly obvious 
that the life of a married man is likely to be more 
favorable to longevity than that of a bachelor. The 
mere fact that a man has a wife and family depending 
upon him will suffice to render him more careful of his 
health, less ready to undertake dangerous employ- 
ments, and so on ; and tliere are other reaeons wliich 
will occur to every one for considering the life of a 
married men better (in the sense of the insurance 
companies) than that of a bachelor. In fact, while 
we are compelled to reject Dr. Stark's statement that 
" bachelorhood is more destructive to life than tlie most 
unwholesome trades, or than residence in an unwhole- 
some house or district, where there has never been the 
most distant attempt at sanitary improvement of any 
kind," we may safely accept his opinion that statistics 
" prove tlie truth of one of the first natural laws re- 
vealed to man — ' It is not good that man should live 
alone.' " "Whether tlie law required any proof is a 
question into which we need not enter. 

iVmxn llic BaUy Kvm, October 17, ISIiS.) 
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Tin: TOPOGRAPHICAL SUBVi:}' OF INDIA. 

At the close of the war with Tippoo Sahib, Major 
Lambton planned the triangulation of the country 
lying between Madras -and the Malabar coast, a dis- 
trict which had been roughly surveyed during the 
progress of the war by Colonel Mackenzie, The 
Duke of Wellington gave his approval to the project, 
and his brother, the Governor-General of India, and 
Lord Olive (son of the great Olive), Governor of Ma- 
dras, used their influence to aid Major Lambton in car- 
rying out his design. Tho only astronomical instru- 
ment made use of by the first survey-party was one 
of Eamsden'a zenith-sectors, which Lord Macartney 
had placed in the hands of Dinwiddle, the astrono- 
mer, for sale. A eteel chain, which had been sent 
with Lord Macartney's embassy to the Emperor of 
Ohina and refused, was the only apparatus available 
for measuring. 

Thus began the Great Trigonometrical Survey of 
India, a work whose importance it is hardly possible 
to over-estimate. Oondacted successively by Oolonel 
Lambton, Sir George Everest, Sir Andrew Waugh, 
and Lieutenant-Colonel Walker (the present superin- 
tendent), the trigonometrical survey has been prose- 
cuted with a skill and accuracy which render it fairly 
comparable with tho best works of European sur- 
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veyorB. But to complete in this style the survey of the 
whole of India would bo tlie work of several conturiea. 
The trigonometrical survey of Great Britain aud Ire- 
land has been already more than a century in progress, 
and is still unfinished. It can, therefore, be imagined 
that the survey of India— nearly ten times the size of 
the British Isles, and presenting difficulties a hundred- 
fold greater than tliose which the surveyor in England 
has to encounter— is not a work which can be quickly 



But the growing demands of the public service have 
rendered it imperatively necessary that India should 
be rapidly and completely surveyed. This necessity 
led to the commencement of the Topographical Survey 
of India, a wort which has been pushed forward at a 
surprising rate during the past few years. Our readers 
may form some idea of the energy "with which the sur- 
vey is in progress from the fact that Colonel Thuillier's 
Keport for the season 1866--'67 announces the charting 
of an area half as large as Scotland, and the prepara- 
tory triangulation of an additional area nearly half as 
large as England. 

In a period of thirty yeare, with but few surveying 
pai'ties at first, and a slow increase in their number, an 
area of 160,000 square miles has been completed and 
mapped by the topographical department. The revenue 
surveyors have also supplied good maps (on a similar 
scale) of 3G4,000 square miles of country during the 
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twenty years ending in 1866. Combining these results, 
'ffe have an area of 524,000 square miles, or upward of 
four times that of Great Britain and Ireland. For all 
this enoi-mons area tlie surveyors have the records in a 
methodical and systematic form, fit for incorporation in 
the atlas of India, Kor does this estimate include the 
older revenue surveys of the northwestern provinces, 
which, for want of proper supervision in former years, 
were never regularly reduced. The records of tliese 
sm-veys were destroyed in the mutiny — chiefly in Ilaz- 
aumbaugh and the sonthwestem frontier agency. The 
whole of these districts remain to be gone over in a 
style very superior to that of the last survey. 

The extent of the country which has been charted 
]nay lead to the impression that the survey is Httle more 
than a hasty reconnoissance. This, however, is very far 
indeed from being the case. The preliminary triangu- 
lation, which is the basis of the topographical survey, is 
conducted with extreme care. In the present lieport, 
for instance, we find that the discrepancies between the 
common sides of the triangles — in other words, the 
discrepancies between the results obtained by different 
observers — are in some eases less than one-tenth of an 
inch per mile ; in others they are from one inch to a 
foot per mile ; and in the survey of the Cossyah and 
Garrow Hills, where observations had to be taken to 
large objects such as trees, rocks, etc., with no defined 
points for gnidance, the results differ by as much as 
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twenty-six inclies per mile. These discrepancies must 
not only be regarded as insis^niiicant in themselves, but 
must appear jet more trifling when it is remembered 
that they are not cumulative, inasmuch as the prelim- 
inary triangulation is itself dependent on the great 
trigonometrica! survey. 

Let lis understand clearly what are the vai'ious forms 
of survey which are or have been in progress in India, 
There are three forms to be considered : (1) The Great 
Trigonometrical Surveys ; (2) The Revenue Surveys ; 
and (3) the Topographical Surveys. 

Great trigonometrical operations are extended in a 
straight course from one measured base to another. 
Every precaution which modem skill and science can 
suggest is taken in the measurement of each base-line, 
and in the various processes by which the survey is 
extended from one base-line to the other. The aecu- 
raey with which work of this sort is conducted may be 
from the following instance; During the 
s of the Ordnance Survey of Great Britain and 
Ireland, a base-line nearly eight miles long was meas- 
ured near Loch Foyle in Ireland, and another nearly 
seven miles long on Salisbury Plain. Trigonometrical 
operations were then extended from Loch I'oyle to 
Salisbury Plain, a distance of about 3i0 miles ; and 
the Salisbury base-line was calculated from the obser- 
vations made over this long arc. Hix^ differenoe between 
the measwed and oal<mlated values of the iase-line was 
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less than fwe inches ! As we have stated, tlic trigono- 
metrical survey of India "will bear comparison witli the 
best work of our Bnrveyora in England. 

.A revenue survey is prosecuted for the definition 
of tbe boundaries of estates and properties. Tlie op- 
erations of such a survey are therefore carried on con- 
formably to those boundaries. 

The topographical survey of a country is dciined by 
Sir A. Scott Waugh to imply " the racaaurement and 
delineation of the natural featnres of a country, and 
tlie woriks of man thereon, with the object of producing 
a complete and sufficiently accurate map. Being free 
from the trammels of boundaries of properties, the 
principal lines of operations must conform to tlie fea- 
tures of the country, and objects to be surveyed." 

The only safe basis for the topographical survey of 
a country is a system of accurate triangulation. And 
v/hcre the extent of country to be surveyed is large, 
there will always be a great risk of the accumulation 
of error in the triangulation itself; which must there- 
fore he made to depend on the accurate results obtained 
by the great trigonometrical operations. In order to 
secure this result, fixed stations ai'c established in the 
vicinity of the great trigonometrical series. Where 
this plan cannot be adopted, a net-work of lai-ge sym- 
iiietiical triangles is thrown over the district to be sur- 
veyed, or boundary series of triangles are carried along 
the outline of fhe district or along convenient internal 
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lines. The former of these methods is applicable to a 
Lilly distiiet, the latter to a flat country. 

"When the district to be surveyed has been triangu- 
lated, the work of filling-in the topographical details 
is commenced. Eacli triangle being of moderate ex- 
tent, with sides from three to five miles in length, and 
the angular points being determined, as we have seen, 
with great exactness, it is evident that no considerable 
error can occur in fllling-in the details. Hence, methods 
can be adopted in the final topographical work ■which 
would not be suitable for triangulation. The triangles 
can either he "measured up," or the observer may 
traverse from trigonometrical point to point, taking 
offsets and intersections ; or, lastly, he may make use of 
the plane-table. The first two methods I'cq^uire little 
comment ; but the principle of plane-tabling enters eo 
largely into Indian surveying, that our notice would be 
incomplete without a brief account of this simple and 
beautiful method. 

The plane-table is a flat board turning on a verti- 
cal pivot. It bears the chart on which the observer is 
planning the country. Suppose, now, that two points 
A and B are determined, and that we require to mark 
in the position of a third point c : It is clear that if wc 
observed with a theodolite the angles a b c and b a c, 
we might lay these down on the chart with a protractor, 
and so the position of o would be determined with an 
accuracy proportioned to the care with wliich the ob- 



3d b, Google 



THE TOrOGRAl'IIlCAL SLllVEY Oh' INDIA. 275 

ecrvationa were made, and tlie corresponding construc- 
tions applied to the chart Bat in. "plane-tabling" a 
more direct plan is adopted. A ruler bearing eights, 
resembling those of a rifle, is so applied that the edge 
passing through the point a on the chart (the observer 
being situated at the real station a) passes through the 
jioint B on the chart, the line of sight passing through 
the real station b. The table being fixed in the position 
thus obtained, the ruler is next directed so that its edge 
passes through a while the line of sight points to c. A 
line is now ruled with a pencil through a toward c. 
In a similar manner, the table having been removed to 
the station b, a pencil-line is drawn throngh the point 
B on tlie chart toward c. The two lines thus drawn 
determiiiG by their intersection the place of c on the 
chart. 

The above is only one instance of the modes in 
which a plane-table can be applied ; there are several 
others. Usually the magnetic compass is made use of 
to fix the position of the table in accordance with the 
true bearing of the cardinal points. Also the bearings 
of several points are taten around each station ; aiid 
thus a variety of tests of the correctness of the work 
become applicable. Into such points as these we need 
iiot here enter. It is suificient that our readers should 
have been enabled to gather the simple principles on 
which plane-tabling depends, and the accuracy with 
which {when suitable precautions arc taken) it can be 
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applied as a method of observation subsidiary to tlie 
ordinary trigonometrical proc^ses. 

" A hilly coTinti-y," Bays Sir A. "Waugli, " offers the 
fairest field for the practice of plane-table surveys, 
and the more ragged the surface the greater will be 
the relative advantages and facilities this sj'stem pos- 
sesses over the methods of actual measurement. On 
the other hand, in flat lands the plane-table worts at 
a disadvantage, while the traverse system is facilitated. 
Consequently, in such tracts, the relative economy of 
the two systems does not offer so great a contrast 
as in the former. In closely-wooded or jungly tracts, 
all kinds of survey operations are prosecuted at a 
disadvantage ; but in such localities, the commanding 
points must be previously cleared for trigonometrical 
operations, which facilitates the use of the table." 

In whatever way the topographical details have 
been iilled-iu, a rigorous system of check must be 
applied to the work. The system adopted is that of 
running lines across ground that has been surveyed. 

This is done by the head of the party or by the 
chief assistant-surveyor. A sufficient number of points 
are obtained in this way for comparison with the work 
of the detail surveyors ; and whea the discrepancies 
exceed certain limits, the work in which they appear is 
rejected. Owing to the extremely nnhealtliy, jangly, 
and mgged nature of the ground in which nearly all 
the Indian surveys Lave been progressing, it has not 
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rtlwaya been found practicable to check by regularly 
chained lines. There are, however, other modes of 
testing plane-table surveys, and as these entail less 
labor and expense in hilly and jungly tracts, and are 
quite as effective if thoroughly cari'ied out, they have 
been adopted generally, while the measured routes or 
cbeck-linea have only been pursued tinder more favor- 
able conditions. Colonel Thuillier states that "the 
inspection of the work of every detailed surveyor in 
the field lias been rigorously enforced, and the work of 
the field season is not considered satisfactory or com- 
plete unless this duty has been attended to." 

The rules laid down to insure accuracy in the 
Bui-vey are— first, that the greatest possible number 
of fixed points should be determined by regular tii- 
angulation ; secondly, that the greatest possible num- 
ber of plane-table fixings slionld be made use of 
within each triangle; and, lastly, that eye-sketching 
should be reduced to a minimum. If these rules are 
well attended to, the surveyor can always rely on tlie 
value of the work performed by his subordinates. 
But all these conditions cannot be secured in many 
parts of the ground allotted to the several topographi- 
cal parties, owing to the quantity of forest-land and 
the extremely rugged nature of the country. Hence 
arises the necessity for test-lines to verify the details 
or for some rigorous system of check ; and this is more 
especially the case where native agency is employed. 



3d b, Google 



273 ].[G1IT SCIENCE FOK LEISCRE BOTJI^. 

So soon as tbe country has been accurately planned, 
the configuration of the ground has to be sketclied up. 
This procesa is the end and aim of all tbe preceding 
work. 

The first point attended to ia tbe arterial Bj-steui, 
or water-drainage, constituting the outfall of the 
country; whence are deduced tbe lines of greatest 
depression of the ground. Next the water-sheds or 
ridges of hillfi are traced in, giving the highest level. 
Lastly, the minor or subordinate features are drawn 
in with the utmost precision attainable. " The out- 
lines of table-land should be well defined," says Sir A. 
"VTaugb, " and rangea of hills portrayed with fidelity, 
carefully representing tbe water-sheds or dwortia 
aquarum, the spiu:s, peats, depressions or saddles, 
isthmuses or connecting-lints of separate ranges, and 
other ramifications. The depressed points and isth- 
muses are particularly valuable, as being either the 
eites of ordinary passes or points v^bicb new roads 
should conform to." 

And here we must draw a distinction between 
survey and reeonnoissance. It is absolutely necessary 
in making a survey that the outlines of ground as de- 
fined by ridges, water-courses, and feet of hills, should 
be rigorously fixed by actual observation and careful 
measurement. In reconnoitring, more is trusted to 
the eye. 

The scale of the Indian topographical survey is 
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that of one inch per mile ; the scale of half an inch 
per mile heing only resorted to in very densely-wooded 
or jungly conntry, containing few inhahitanfcs and 
little cultivatecl, or where the climate is so dangerous 
that it is desirable to accelerate the progress of the 
Hnrvey. 

On the scale of one inch per mile the practised 
draughtsman can survey about five square miles of 
average country per day. In intricate ground, inter- 
sected by ravines or co/ered by hiUs of irregular for- 
mation, the work proceeds much more slowly ; on 
the other hand, in open and nearly level eountiy, or 
where the hills have simple outlines, the work will 
cost less and proceed more rapidly. On the scale of 
one inch per mile all natural features (such as ravines 
or water-courses) more than a quarter of a mile in 
length can be clearly represented. Villages, towns, 
and cities can be shown, with their principal streets 
and roads, and the outlines of fortifications. The 
general figure and extent of cuitivated, waste, and 
forest lands, can be delineated with more or less pre- 
cision, according to their extent. Irrigated rice-lands 
should be distinctly indicated, since they generally ex- 
hibit the contour of the ground. 

The relative heights of liills and depths of vallojg 
should be determined during the course of a topo- 
graphical survey. These vertical elements of a survey 
can be ascertained by trigonometrical or by baro- 
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metrical observatione, or by a combination of both 
inethocb. "The barometer," says Sir A. "Waugb, "is 
more especially useful for determining the level of 
low spots from which the principal trigonometrical 
stations are invisible. In ushig this instrument, how- 
ever, in combination with the other operations, the 
relative differences of heights are to be considered 
the qnantitiea sought, so that all the results may be 
referable to the original trigonometrical station. The 
height above the eearlevel of aj^ points coming under 
any of the following heads are especially to be deter- 
mined, for the ptirpose of illustrating the physieal 
relief of the country : 

" 1. The peaks and highest points of ranges. 

" 2. All obligatory points rec[aired for engineer- 
ing works, such as roads, drainage, and irrigation, 
viz, : the highest points or necks of valleys ; the 
lowest depressions or passes in ranges ; the junctions 
of rivera, and dibov-oTiements of rivers from ranges ; 
the height of inundation-level, at moderate intervals 
of about three miles apart. 

"3. Principal towns or places of note." 

Of the various methods employed to indicate the 
steepness of slope, that of eye -contouring seems alone 
to merit special comment. In true contouring, I'egu- 
lar horizontal lines, at fixed vertical intervals, are 
traced over a country, and plotted on to the maps. 
This is an expensive and tedious process, whereas 
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eye- con touring is easy, liglit, and effective. On this 
system all that is necessary is that the siirveyor 
should consider what routes persons moving horizon- 
tally would pursue. He draws lines on his chart 
approximating as closely as possible to these imagi- 
nary lines. It is evident that when lines are thus 
drawn for different vertical elevations, the resulting 
shading will he dark or light, according as the slope is 
steep or f;entle. Tina method of shading affords scope 
as well for surveying skill as for draughtsmanship. 

(From Ona it WM, May 1, 1863.) 



A SHIP ATTACKED BY A SWORD-FISH. 

"Wis have always been puzzled to imagine how the 
" nine-and-twenty knights of fame," described in the 
" Lay of the Last Minstrel," managed to " drink the red 
wine through the helmet barred." But in Kature we 
meet with animals who seem almost as inconTcniently 
armed as those chosen knights, who 

..." qnittcd not their armor bright, 
Niiither by day, nor yet by night." 

Among such animals the sword-fish must be recog- 
nized aa one of the most uncomfortably-armed crea- 
tures in existence. The shark has to turn on his back 
before he can eat, and the attitude scarcely seems sug- 
gestive of a comfortable meal. But the sword-fish can 
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hardly even by that arrangement get his awkwardly- 
projecting snout out of the way. Yet doubtless this 
feature, which seems so inconvenient, is of great value 
to Xiphias. In some way as yet unknown it enables 
him to get his living. "Whether he first kills some one 
of liis neighbors with this instrument, and then eats 
him at his leisure, or whether he plunges it deep into 
the larger sort of iish, and, attaching himself to them 
in this way, sucks nutriment from them while they 
are yet alive, is not known to naturalists. Certainly, 
he is fond of attacking whales, but this may result 
not so much from gastronomic tastes as from a natu- 
ral antipathy — envy, perhaps, at their superior bulk. 
Unfortunately for himself, Xiphias, though cold- 
blooded, seems a somewhat warm-tempered animal ; 
and, when he is angered, he makes a bull-like rush 
upon his foe, without always examining with due 
care whether he is lUrely to take any thing by Ids 
motion. And when he happens to select for attack a 
stalwart ship, and to plunge his homy beak through 
thirteen or fourteen inches of planking, with perhaps 
a etout copper sheathing outside it, he is apt to find 
some little difficulty in retreating. The affair usually 
ends by his leaving his sword embedded in the side 
of the ship. In fact, no instance has ever been re- 
corded of a sword-lish recovering his weapon (if we 
may use the expression) after making a lunge of tliis 
sort. Last Wednesday the Court of Common Pleas — 
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rather a straiige place, by-tlie-by, for inquiring into 
tlie natural histoiy of iislies— was engaged for several 
hours in trying to determine under what circum- 
stances a sword-iish might be able to escape scot-free 
after thrusting his snout into the side of a sliip. The 
gallant ship " Dreadnought," thoroughly repaired, 
and classed A 1 at Lloyd's, had been insured for 
£*!,000 against all the risks of the seas. She sailed on 
March 10, 1864, from Colombo, for London. Three 
days later, the crew, while fishing, hooked a sword- 
fiah. Xiphias, however, broke the line, and a few 
moments after leaped half out of the water, with the 
object, it should seem, of taking a look at his per- 
secutor, the "Dreadnought." Prohahly he satisfied 
himself that the enemy was some abnormally large 
Cetacean, which it was liis natural duty to attack 
forthwith. Be this as it may, the attack was made, 
and at four o'clock the next morning the captain was 
awakened with the unwelcome intelligence that the 
ship had sprung a leak. She was taken back to Co- 
lombo, and thence to Cochin, where she was hovo 
down. I^ear the keel was found a I'ound hole, an 
inch in diameter, running completely through the 
copper sheathing and planking. 

As attacks by sword-flsli are included among sea- 
risks, the insurance company was willing to pay the 
damages claimed by the owners of the ship, if only it 
could be proved that the hole liad really been made by 
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a sword-iisb. No instance had ever been recorded in 
which a sword-fish had been able to withdraw his 
sword after attacking a ship, A defence was founded 
on the possibihtj that the hole had been made in some 
other way. Professor Owen and Mr. Prank Auckland 
gave their evidence ; but neither of them could state 
quite positively whether a swordTJish which had passed 
its beak through three inches of stout planking conld 
withdraw without the loss of its sword. Mr. Buckland 
said that fish have no power of " backing," and ex- 
pr^sed his belief that he could hold a sword-fish by the 
beak ; but then he admitted that the fish had consider- 
able lateral power, and might so " wriggle its sword 
out of a hole." And so the insurance company will 
have to pay nearly six hundred pounds because an ill- 
tempered fish objected to be hoolced, and took its 
revenge by running full tilt against copper-sheathing 
and oak-planliing. 

(From the Dai/i/ JVcus, Deacmbor H, 186S.) 



r/ZA' SAFETY-LAMP. 

As the late colliery ex^jlosions have attracted a 
considerable amount of attention to the principle of 
the safety-lamp, and questions have arisen respect- 
ing the extent of the immunity which tlie action 
of this lamp secures to the miner, it may bo well 
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for IIS briefly to point out tlic true qualities of tlie 
lamp. 

In tile Davy lamp a commoa oil-light is surrounded 
by a cylinder of wire-gauze. "When the air around 
the lamp is pure the flame hnrns as usual, and tlie 
only effect of the gauze is somewhat to diminish the 
amount of light given out by the lamp. But so 
soon as the air becomes loaded with the cai-buretted 
hydrogen gas generated in the coal-strata, a change 
takes place. The flarae grows lai^er and less huni- 
nous. The reason of the change is this : The flame 
is no longer fed by the oxygen of the air, but is 
surrounded by an atmosphere which is partly in- 
flammable; and the inflammable part of the gas, so 
fast as it passes within the wire cylinder, is ignited 
and burns within tlio gauze. Thus the light now 
given out by the lamp is no longer that of the com- 
paratively brilliant oil-flame, but is the light resulting 
from the combustion of carburetted hydrogen, or 
"fire-damp," aa it is called; and every student of 
chemistry is aware that the flame of this gas has veiy 
little illuminating power. 

So soon aa the miner sees the flame thus enlai'ged 
and altered in appearance, he should retire. Bat it 
is not true that explosion would necessarily follow if 
he did not do so. The danger is great, because the 
flame within the lamp is in direct contact with the 
gauze, and if there is any defect in the wire-work, 



3d b, Google 



28G LIGHT SCIENCE TOR LEISUKE HOUEa 

the lieat may make for itself an opening -wliicli — 
tliougli email — would yet suffice to enable the flame 
within tlie lamp to ignite the gas outside. So long, 
however, as the wire-gaiize continues perfect, even 
though it become red hot, tliere will be no explosion. 
Wo authority is required to establish this point, which 
has been proved again and again by experiment ; but 
wo quote Professor Tyndall's words on the subject 
to remove some doubts which have been entertained 
on the matter: "Although a continuous explosive at- 
mosphere," he says, " may extend from the air outside 
through the meshes of the gauze to the flame within, 
ignition is not propagated across the gauze. The 
lamp may be filled with an almost lightless flame; 
still explosion does not occur. A defect in the gauze, 
the destruction of the wire at any point by oxidation, 
hastened by the flame playing against it, would cause 
explosion; " and so on. It need hardly be said, how- 
ever, tliat, imprudent as miners have often boon, no 
miner would remain where his lamp burned with the 
enlarged fiame indicative of the presence of fire- 
damp. The lamp should also be at once extin- 
guished. 

But here we touch on a danger which undoubtedly 
exists, and— so far as has yet been seen — cannot be 
guarded against by any amount of caution. Sup- 
posing the miner sought to extinguish the lamp by 
blowing it out, an explosion would almost certainly 
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enane, since tlie flame can be forced jnechaiiically 
through the meshes, though it will not pass throagh 
tliem when it is burning in the ordinary way, Now, 
of course no miner who had been properly instructed 
in the use of the safety-lamp wonld commit snch a 
mistake as this. But it happens, unfortunately, that 
sometimes the lire-damp itself forces the flame of the 
lamp through the meshes. The gas frequently issues 
with great force from cavities in the coal (in which 
it has been pent up), when the pick of the miner 
breaks an opening for it. In these circumstances an 
explosion is inevitable, if the issuing stream of gas 
happen to be directed full upon the lamp, Fortu- 
nately, however, this is a contingency which does not 
often arise. It is one of those risks of coal-mining 
which seem absolutely unavoidable by any amount of 
care or caution. It would be well if it were only such 
risks aa these that the miner had to face. 

Another peculiarity sometimes noticed when there 
is a discharge of fire-damp is worth mentioning. It 
happens, occasionally, that the light will be put out 
owing to the absolute exclusion of air from the lamp. 
This, however, can only happen when the gas issues in 
so lai'ge a volume that the atmosphere of the pit be- 
comis irrespirable. 

With the exception of the one risk which we have 
pointed out above, the Davy lamp may be said to ho 
absolutely safe. It is necessary, however, that caution 
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and intelligence sbould be exhibited in its use. On 
this point Professor Tyndall remarts that, unfortu- 
nately the requisite intelligence is not often possessed 
nor the requisite caution exercised by tlie miner, " and 
the consequence is that, even with the safety-lamp, 
explosions still occur." And he suggests that it would 
be well to exhibit to the miner in a seriea of experi- 
ments the properties of the valuable instrument which 
has been devised for his security. " Mere advice will 
not enforce caution," he says ; " but let the miner have 
the physical image of what he is to expect clearly and 
vividly before his mind, and he will find it a restrain- 
ing and monitory influence long after the effect of 
cautioning words has passed away." 

A few words on the history of the invention may 
be acceptable. Early in the present century a series 
of teiTible catastrophes in coal-mines had excited the 
sympathy of enlightened and humane persons through- 
out the country. In the year 1813, a society was 
formed at Sunderland to prevent accidents in coal- 
mines, or at least to diminish their frequency, and 
prizes were offered for the discovery of new methods 
of lighting and ventilating mines. Dr. "William Eeid 
Clanny, of Bishopweaxmouth, presented to this society 
a lamp which burned without explosion in an atmos- 
phere heavily loaded with fire-damp; for which in- 
vention the Society of Arts awarded him a gold medal. 
The Kev. Dr. Gray called the attention of Sir Humphry 
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Davy to the subject, and tliat eminent chemist visited 
the coal-mines in 1815 -with the object of detemiining 
what form of lamp would be best suited to meet the 
requirements of the coal-miners. He invented two 
forms of lamp before discovering the principle on 
which the present safety-lamps are constructed. This 
principle — the property, namely, that flame will not 
pass tlirough small apertures— had been, we believe, 
discovered by Stephenson, the celebrated engineer, 
some time before ; and a somewhat angry controversy 
took place respecting Davy's claim to the honor of 
liaving invented the safety-lamp. It seems admitted, 
however, by universal consent, that Davy's discovery 
of the property above referred to was made indepen- 
dently, and also that he was the firet to suggest the 
idea of using wire-gauze in place of perforated tin. 

In comparing the present freq^uency of colliery ex- 
plosions with what took place before the invention 
of the safoty-lamp, we must take into consideration 
the enormous increase in the coal-trade since tlie 
introduction of steam machinery. The number of 
miners now engaged in our coal-mines is far in ex- 
cess of the number employed in the beginning of the 
present century. Thus accidents in the present day 
are at once nioi'c common on account of the increased 
rapidity with which the mines are worked, and when 
they occur there are more sufferers; so that the fre- 
quency of eollieiy explosions in the opening years of 
1,1 
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the present centory, and tlie number of deatha result- 
ing from them, are in reality mucli more Bigiiificant 
than tliey seem to lie at first sight. But even inde- 
pendently of this consideration, the record of the 
collieiy accidents which took place at that time is 
sufficiently startUng. Seventy-two persons were killed 
in a colliery at M'orth Biddick at the commencement 
of the pi'csent century. Two explosions in 1805, at 
Hepburn and Oxeloae, left no le^ that forty -three 
widows and a hundred and fifty-one children unpro- 
vided for. In 1808, ninety persons were killed in a 
coal-pit at Lumley. On May 24, 1812, ninety-one 
persons were killed by an explosion at Felling Col- 
liery, near Gateshead. And many more such a 
might readily be enumerated, 

(Fmni the Daili/ Nein^, Docernber 4, 



THE DUST WE HAVE TO BREATHE. 

A MiCBOsoopisT, Mr. Dancer, I\ R. A. S,, lias been 
examining the dust of our cities. The results are not 
pleasing. "We Lad always recognized city dust as a 
nuisance, and had supposed that it derived the peculiar 
giittiness and flintiness of its sti-ucture from the con- 
stant macadamizing of city roads. But it now appears 
that the effects prodnced by dnst, when, as is usual, it 
liiuls itf! wny to our cj'cs, onr nostrils, and our throats, 
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are as notliing compared ■with the mischief it is ealeu- 
lated to produce in a more subtle manner. In every 
speeimen examined by Mr. Dancer, animal life was 
abundant. Eut the amount of " molecular activity " — 
Buch is the euphuism under which what is exceedingly 
disagreeable to contemplate is spoken abont — is vari- 
able according to the height at which the dust is 
collected. And of all heights which these molecxilar 
wretches could select for the display of their activity, 
the height of five feet is that which has been found to 
be the favorite. Just at tlie average height of the 
foot-passenger's mouth these moving organisms are 
always waiting to be devoured and to make us ill. 
And this is not all. As if animal abominations were 
insufficient, a large proportion of vegetable matter 
also disports itself in the light dust of our streets. 
The observations show that in thoroughfares where 
there are many animals engaged in the traffic, the 
greater part of the vegetable matter thns floating about 
" consists of what has passed through the stomachs of 
animals," or Las suffered decomposition in some way 
or other. This unpleasing matter, like the " molecular 
uetivity," floats about at a lieight of five feet, or there- 
abouts. 

After this, one begins to recognize the manner in 
which some diseases propagate themselves. "What had 
been mysteiious in the history of plagues and pesti- 
lences seems to receive at least a partial solution. 
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Take cholera, for example. It has Leen shown by the 
clearest and most positive evidence that this disease is 
not propagated in any way save one — that is, by the 
actual swallowing of the cholera-poison. In Professor 
Thudichum's masterly paper on the subject in tlie 
Monthly Microscopical Journal it is stated that doc- 
tors have inhaled a full breathing from a pei-son in 
the last stage of this terrible malady without any evil 
effects. Yet the minutest atom of the cholerarpoiaon 
received into the stomach will cause an attack of chol- 
era. A Bmall quantity of this matter drying on the 
floor of the patient's room, and afterward caused to 
float about in the form of dnst, would suffice to pros- 
trate a housefnl of people. We can understand, then, 
how matter might be flung into the streets, and, after 
drying, its dust be wafted through a whole district, 
causing the death of hundreds. One of the lessons to 
be learned from these interesting researches of Mr, 
Dancer is clearly this, that the watering-cart should 
be regarded as one of the most important of onr hygi- 
enic institutions. Supplemented "hy careful scavenger- 
ing, it might be effective in dispossessing many a ter- 
rible malady which now holds sway from time to time 
over onr towns. 

(riom tlio Daily K/raa, Mai'di G, I3CB.) 
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PI-IOTOGBAPIIIC GHOSTS. 

On the outskirts of tlie ever-wideniiig circle lighted 
up by aeienee there is always a border-land wherein su- 
perstition holds sway. The arts and sciences may drive 
away the vulgar hobgoblin of darker days ; but they 
bring with them new sonreea of illueion. The ghosts 
of old could only gibber ; the spirits of our day can 
read and write, and play on divers instmmcnts, and 
quote Shakespeare and Milton. It is not, therefore, 
altogether surprising to learn that they can take pho- 
tographs also. Tou go to have your photograph 
taken, we will suppoeej desiring only to see your own 
features depicted in the carte; and lo I the spirits have 
been at work, and a photographic phantom makes its 
appearance beside you. It is true tliis phantom ia of a 
hazy and dubious aspect — ^the"dull mechanic ghost " 
is indistinct, and may be taken for any one. Still, it 
is not difflciilt for the eye of fancy to trace in it the 
lineaments of some departed friend, who, it ia to be 
assumed, has come to be photographed along with you. 
In fact, photogi-aphy, according to tho spiritualist, re- 
sembles what Byron called — 

" The lightning of the mint!, 
Which, out of things familiar, undesigneil, 
When least we deem of such, calls up to view 
The speotres whom no csorciam can biad." 

The phenomena of spiritual photography wei'c iii'st 
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obsci'ved some yeare since, and a set of carte photo- 
graphs were sent from America to Dr. Walker, of 
Edinburgh, in which photographic phantoms were very 
obviously, however indistinctly, discernible. Hore 
recently an English photographer noticed a yet stranger 
eircomstance, though he Tvas too sensible to seek for a 
supernatural interpretation of it. "When he took a 
photograph with a particular lens, there could he seen 
not only the usual portrait of the sitter, hut at some 
little distance a faint " double," exactly resembling the 
principal image. Superstitions minds might find this 
result even more distressing than the phantom photo- 
graphic friend. To be visited by the departed through 
the medium of a lens, is at least not moro unpicking 
than to hold converse with spirits through an ordi- 
nary "rapping" medium. But the appearance of a 
"double" or "fetch," has over been held by the 
learned in ghostly lore to signify approaching death. 

Fortunately, both one and the other appearance can 
be very easily accounted for without calhng in the aid 
of the supernatural. At a recent meeting of the Pho- 
tographical Society it was shown that an image may 
often be so deeply impressed on the glass that the sub- 
sequent cleaning of the plate, even with strong acids, 
will not completely remove the picture. "When tlie 
plate is used for receiving another picture, the original 
image makes its reappearance, and as it is too faint to 
bo reeognizaUo, a highly-susceptible imagination may 
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i-eadily transform it into the image of a departed friend. 

Tlie " double " is generated by tbe well-known property 

of double refraction, obtained by a lens under certain, 

circumstances of unequal preaaure, or sometimes by 

inecLiialities in the process of annealing. So Tanisb 

two ghosts "which might have been nioro or less 

troublesome to those who are ready to see the super- 

natm-al in commonplace phenomena. Will the time 

ever come when no more such phantoms will remain 

to be exorcised? 

{From the Dfdhj Aots, Mareh 2, 1869.) 



THJS OXFORD AND CAMBRIDGE ROWING 
STYLES. 

Whatever opinion we may have of the result of 
the approaching contest (1869), there can be no doubt 
that this year, as in former years, there is a striking 
dissimilarity between the rowing styles of the dark- 
blue and the light-blue oarsmen. This dissimilarity 
makes itself obvious whether we compare the two 
boats as seen from the side, or when the line of sight 
is directed along the length of either. Perhaps it is 
in the latter aspect that an unpractised eye will most 
readily detect the difference we are speaking of. 
Watch the Cambridge boat approaching you from 
some distance, or receding, and you wiU notice in the 
rise and fall of the oara, as so seen, the following 
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pecnliai'itiea — a long stay of the oar in tlie water, a 
quick rise from and return to tlie water, the oars 
remaining out of the water for the briefest possible 
interval of time. In the case of the Oxford boat 
quite a different appearance is presented — there is a 
short stay in the water, a sharp rise from and return 
to it, and between these the oai-s appear to hang over 
the water for a perceptible interval. It is, however, 
wlien the boats are seen from the side that the 
meaning of tliese pecaliarities is detected, and also 
that tbe fundamental distinction between the two 
styles is made apparent to the experienced eye. In 
the Cambridge boat we recogniae the long stroke and 
"lightning feather" ineuleated in the old treatise on 
rowing: in the Oxford boat we see these conditions 
reversed, and in their place the "waiting feather " and 
lightning stroke. By the "waiting feather," we do 
not refer to what is commonly understood by slow 
feathering, but to a momentary pause (scarcely to be 
detected when the crew is rowing hard) before the 
simultaneous dash of the oars upon tbe first grip of 
the stroke.* And observing more closely — wbicb, by- 
the-way, is no easy matter — as either boat daslies 
swiftly past, we detect distinctive peculiarities of 
" work " by which the two styles are severally arrived 
at. In the Cambridge crew we see the first part of 
•Tbegri 
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tlio stroke done with the shoulders— precisely accord- 
ing to the oM-fasliioned mode^— the arms straight 
until the body has fallen back to an almost upright 
position; then comes the sharp drop back of the 
shoulders beyond the perpendicular, the arms simul- 
taneously doing their work, so tliat as the swing ba<;k 
is finished, the backs of the hands just touch the ribs 
in feathering. All these things are qoite in accord- 
ance with what used to be considered the perfection 
of rowing ; and, indeed, this style of rowing has some 
important good qualities and a very handsome appear- 
ance. The lightning feather, also, whieli follows the 
long sweeping stroke, is theoretically perfect. !Now, 
in the ease of the Oxford crew, we observe a style 
which at first sight seems less excellent. As soon as 
the oars are dashed down and catch their first hold of 
the water, the arms as well as the shoulders of each 
oarsman are at work.* The result is, that when the 

* I write this with full knowledge that many Oxford men dpnj the 
fact I hare rowed behind Cambridge, Oxford, and London strokes, and 
have Bevcral timea taken the place (nnmber 2 thwart) of a London water- 
man in a four (" stroke " by John Maokinney) training for the Thames 
Regatta. So that I have had ample opportunities for comparing different 
rowing styles ; and I am satisfied that the main defect of the real Cam- 
bridge atjia was (and perhaps is) an exaggeraSxin of the Bound rule that 
a boat should be propelled rather by the body than by the arms. The 
very swing in a Cambridge boat shows that this must be fio. Ott the 
other hand, the Thames watermen do too much arra-wocfc ; and hence 
seem to double a littk over their oats. 1 once rowed with some Cam- 
bridge friends from London nearly ta Oxford and back, taking a Thames 
waterman as "help." We set him, at first, for our strokesman, but pres- 
ently made him row how, for we could nono of us sliind his gripping, 
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back Ilia reached an upright position, the arms have 
already reached the chest, and the stroke is finished. 
Thus the Oxford stroke takea a perceptibly shorter 
time than flie Cambndge stroke; it is also, necessarily, 
somewhat shorter in the water. One woul(3, therefore, 
say it must be less effective. Especially would an 
unpractised observer form this opinion, because the 
Oxford stroke seema to be much shorter in range than 
it is in reality. Th^Te we have the secret of its 
efficiency. It is actually nearly as long as the Cam- 
bridge stroke, but is taken in a perceptibly shorter 
time. "What does this mean but that tlie oai' is taken 
much more sharply, and, therefore, much more effec- 
tively, through the water % 

JIuch more effectively so far as the actual condi- 
tions of the contest ai'e concerned. The modern 
racing outrigger rec[uiros a sharp impulse, because it 
will take almost any speed we can apply to it. It 
will also retain that speed between the strokes, a con- 
sideration of great irapoi-tance. The old-fashioned 
racing-eights required to be continually under propul- 
sion. The lightning-feather was a necessity in their 
case, for between every stroke the boat would lag ter- 
ribly with a slow-feathering crew. We do not say, of 
course, that the speed of a light outrigged craft doe& 
not diminish between the strokes. Any one who has 
watched a closely-contested bumping-race, and noticed 
tlie way in which the sharply-cut bow of the pursuing 
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boat draws up to the rudder of the other as by a suc- 
cession of jmpnlses, although either boat seen alone 
would seem to sweep on with almost uniform speed, 
will know that the motion of the lightest boat is not 
strictly uniform. 33at there is an immense difference 
between the almost imperceptible loss of way of a 
modem eight and the dead "lag" in the old-fashioned 
craft. And hence we get the following important con- 
sideration : Whereas with the old boats it was useless 
for a crew to attempt to give a very quick motion 
to their boat by a sharp; sudden "lift," this plan is 
calculated to be, of all others, the most effective with 
the modern racing-eight. 

It may seem, at first sight, that, after all, the result 
of the Cambridge style should be as effective aa that 
of the other. If arms and shoulders do their work 
in both crews with equal energy — which we may 
assume to bo the case — and if the number of strokes 
per minute ie equal, the actual propulsive energy 
ought to be cqnal likewise, A little consideration 
will show that this is a fallacy. If two men pull at 
a weight together they will move it farther ivith a 
given expenditure of energy than if first one and 
then the other apply his strength to the work. And, 
what is more to the purpose, they will be able tO' 
move it faster. So shoulders and anns working simul- 
taneously will give a greater propulsive power than 
wlien working separately, even tliongh in the latter 
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case cacli works with its fullest energy. And not 
only BO, but by the simultaneous tise of ai'ms and 
shoulders, that sharpness of motion can alone be given 
■which i& essential to the propulsion of a modern racing- 
boat. 

We have said that the two crews aa-c severally 
rowing in the style which has lately been peculiar to 
their respective universities. But the Cambridge crew 
is rowing in tliat form of the Cambridge style ■which 
brings it nearest to tlie requirements of modern racing. 
The faults of the style ai'o suhducd, so to speak, and 
its b^t qualities brought out effectually. In one or 
two of the long series of defeats lately sustained by 
Cambridge the reverse has been the case. At present, 
too, there is a certain roughness about the Oxford crew 
which encourages the hopes of the light-blue supporters. 
But it must be admitted that this roughness is rather 
appai-ent than real, great as it seems, and it will 
doubtless disappear before the day of encounter. 
We venture to predict that the "time" of the ap- 
proaching race, taken in conjunction with the state of 
the tide, will show the pi'esent crews to be at least 
equal to the average.* 

* The race (that of 1800) was one of lllc best evcv rowed, and the 
time of the wmnera (Osford) better tlian in any formar race. 

(From tlie VaU'jmm, Api-n, 1380.) 
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BETTING ON HORSE-RACES : OR, THE STATE 
OF THE ODDS. 

TniiKK appeal's every day in the newspapers an 
account of tlie betting on the principal forthcoming 
races. The betting on such races aa the Two Thou- 
eand Guineas, the Derby, and the Oaks, often begins 
more than a year before the races ai'e run ; and dining 
the interval, the odds laid against the different hoi'ses 
engaged in them vary repeatedly, in accordance with 
the reported progress of the animals in their training, 
or with what is learned respecting the intentions of 
their owners. Many who do not bet themselves, find 
an interest in watching the varying fortunes of the 
horses wbieh are held by the initiated to be leading 
favorites, or to fall into the second ranlc, or merely to 
have an outside chance of success. It is amusing to 
notice, too, how frequently the final state of the odds 
is falsified by the event ; how some "rank outsider" 
will run into the first place, while the leading favorites 
are not even "placed." 

It is in reahty a simple matter to understand 
the betting on races (or contests of any kind), yet 
it is astonislnng how seldom those who do not ac- 
tually bet upon races have any inkling of the mean- 
ing of those mysterious columns which indicate the 
opinion of the betting world respecting the proba- 
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ble results of approaching contests, equine or otlier- 
wise. 

Let us take a few eimplo cases of "odds," to begin 
with ; and, having mastered the elements of our siib- 
ject, proceed to see how cases of greater complexity 
are to be dealt ■with. 

Suppose the newspapers inform us that the betting 
is 2 to 1 against a certain horse for such and eucli a 
race, what inference are we to deduce? To learn this, 
let us conceive a case in which the true odds against a 
certain eyent are as 2 to 1. Suppose there are three 
balls in a hag, one being white, the others black. 
Then, if we draw a hall at random, it is clear tliat we 
are twice as likely to draw a black as to di'aw a white 
ball. This is teehnicaHy expressed by saying that the 
odds are 2 to 1 against drawing a white ball ; or 2 to 1 
on (that, is in favor of) drawing a black bali. This 
being understood, it follows that, when the odds are 
said to be 2 to 1 against a certain horse, we are to infer 
that, in the opinion of those who have studied Ihe 
performance of the horse, and compared it with that 
of the other horses engaged in the race, his chance of 
winning is equivalent to the chance of drawing one 
particular ball out of a bag of three balls. 

Observe how this result is obtained : the odds are 3 
to 1, and the chance of the horse is ae that of drawing 
one ball out of a bag of three — three being the sum of 
the two numbers 2 and 1, This is the method followed 
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ill all Bucli cases. Thm, if the odds against a horse 
are 7 to 1, we infer that the cognoscenti consider his 
chance equal to that of drawing one particular hiill 
out of a bag of eight. 

A similar treatment applies when the odds are not 
given aa so many to one. Thus, if the odds against a 
lioi'se are as 5 to 2, we infer that the horse's diance is 
equal to that of drawing a white ball out of a bag 
containing five black and two white balls — or seven 
in all. 

We must notice also that tlie number of halls may 
he increased to any extent, provided the proportion 
between the total number and the nnmber of a specified 
color remains unchanged. Thus, if the odds are 5 to 
1 against a horse, his chance is assumed to be equiva- 
lent to that of drawing one white ball out of a bag 
containing six balls, only one of which is white ; or to 
tliat of drawing a white ball ont of a bag containing 
sixty balls, of which ten are white — and so on. This 
is a very important principle, as we shall now see. 

Suppose tliere are two horses (among others) en- 
gaged in a race, and that tiie odds are 2 to 1 against 
one, and 4 to 1 against the other — what are the odds 
that one of the two horses will win the race? This 
case will doubtless remind our readers of an amusing 
sketch by Leech, called — if we remember rightly — 
"Signs of the Commission," Three or four under- 
gi'adnates are at a "wine," discussing matters equine. 
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One propounds to liis neighbor the following ques- 
tion : " I say, Charley, if the odds are 2 to 1 against 
Bataplan, and 4 to 1 against Qitick March^ what's 
the betting abont the pair % " — " Don't know, I'm sure," 
replies Charley ; " but I'll gipe you 6 to 1 agaijist 
them." Tlie absurdity of the reply is, of course, very 
obvious; we see at once that the odds cannot be 
heavier against a pair of horses than against either 
singly. Still there are many who would not find it 
easy to give a correct reply to the question. What 
has been said above, however, wiU enable us at once 
to determine the just odds in this or any similar case. 
Thus — ^the odds against one horse being 2 to 1, his 
chance of winning is equal to that of drawing one 
white ball out of a bag of ihree^ one only of whieli ia 
white. In like mannei-, the chance of the second horse 
is equal to that of drawing one white ball out of a bag 
of fi'oe^ one only of which is white. iNow we hare to 
tind a number which is a multiple of both the numbei's 
three and five. Fifteen ia such a number. The chance 
of the first horse, modified according to the principle 
explained above, is equal to that of drawing a white 
ball out of a bag of fifteen of which fme are white. In 
like manner, the chance of the second is equal to that 
of drawing a white ball out of a bag of fifteen of which 
three are white. Therefore, the chance that one of 
the two will win is equal to that of drawing a white 
ball out of a bag of fifteen balls of which eight (five 
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added to tliree) are white. There remain seven blacli 
balls, and tlierefore the odds are S to 7 on the pair. 

To impress the method of treating such eases on the 
mind of the reader, we take the betting about three 
horsea — say 3 to 1, 7 to 3, and 9 to 1, against the three 
hoi-sea respectively. Then their respective chances 
are equal to the chance of drawing (1) one white ball 
out of four, one only of whicli is white ; (2) a white 
ball out of nine, of which two only are white; and (3) 
one white ball out of ten, one only of ■which is white. 
Tlic least number which contains four, nine, and ten, 
is 180; and the above chances, modified according to 
the pi'ineiple explained above, become equal to the 
chance of drawing a white ball out of a bag containing 
181) balls, when 45, 40, and 18 (respectively) are white. 
Therefore, the chance that one of the three will win is 
equal to that of drawing a white ball out of a bag con- 
taining 180 balls, of which 103 (the eom of 45, 40, and 
18) are white. Therefore, the odds are 103 to 77 on 
the three. 

One does not Iiear in practice of such odds as 103 
to 77. But betting-men (whether or not they apply 
just principles of computation to such questions, is 
unknown to us) manage to run very near the truth. 
For instance, in such a case as tho above, the odds on 
the three would probably be given as 4 to 3 — that is, 
instead of 103 to 77, or, which ia the same thing, 413 
t(? 308, the published odds would be 412 to 309. 
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And here a certain nicety in tetting has to be men- 
tioned. In running the ejo down the list of odds, one 
will often meet eueh expressions as 10 to 1 against 
Bueh a horse offered, or 10 to 1 wanted. !N"ow, the 
odds of 10 to 1 taken may be understood to imply that 
the horse's chance is equivalent to that of drawing a 
certain ball out of a hag of eleven. But if the odds 
are offered and not taken, we cannot infer tliis. The 
offering of the odds implies that the horse's chance is 
not 'better than that above mentioned, but the fact that 
they are not taken implies that the horse's chance is 
not so good. If no higher odds are offered against the 
horse, we may infer that his chance is vieTy Utile worse 
than that mentioned above. Similarly, if the odds of 
10 to 1 are ashed for, we infer that the horse's chance 
is not worse than that of drawing one ball out of 
eleven ; if the odds are not obtained, we infer that his 
chance is letter ; and if no lower odds are asked for, 
we infer that his chance is very UtUe tetter. 

Thus, there might be three horses (A, B, and C) 
against whom the nominal odds were 10 to 1, and yet 
these horses might not be equally good favorites, he- 
cause the odds might not be taken, or might he ashed 
for in vain. We might accordingly find three such 
liorses an-anged thus : 

Odds, 

A . . . 10 to 1 (wanted). 

H . . . 10 to 1 (taken). 

O . . . 10 to 1 (offered). 
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Or these different stages might mark tlie upward or 
downward progi-ess of tlie same horse in the betting. 
Ill fact, tliere ai'e yet more delicate gradations, 
marked by such expressions respecting certain odds, as 
— offered freeVy, offered, offered, and taken (meaning 
that some offers only have been accepted), iaien, taken 
and wa/nfed, wanted, and bo on. 

As an illustration of some of the principles we 
have been considering, let us take from the day's 
paper* the state of the odds respecting the "Two 
Thousand Guineas." It is presented in the following 
form; 



7 to S against Jiosienieian (off,), 
6 to 1 against Pace (off. ; 7 to 1 w.), 
10 to 1 against Grem Sleeve (off.). 

100 to 7 against Blue Gown (off.). 

180 to 80 againat Sir J. Hawley'a lot (t.). 

This table is interpreted thus : bettore are willing to 
lay the same odds against Bosicrucian aa would be the 
true mathematical odds against drawing a white ball 
out of a bag containing two white and seven black 
balls ; but no one is willing to back the horse at this 
rate. On the other hand, higher odds are not offered 
againat him. Hence it ia presumable that his chance 
is somewhat less than that above indicated. Again, 
bettors are willing to lay the same odds against Pace 
as might fairly be laid against drawing one white ball 
* Tills article ivas written earlj in March, 1868. 
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out of a bag of seven, one on!y of wliich is white ; liut 
"backers of the horse coiiaider that they ought to get 
the same odds as might be fairly laid against drawing 
the white ball when an additional black ball had been 
put into the bag. As respects Green Sleeve and Bltte 
Gown, bettors are willing to lay the odds which there 
would be, respectively, against drawing a white ball 
out of a bag containing — (1) eleven balls, one only of 
which is white, and (2) one hundred and seven balls, 
seven only of which are white. Now, the three horses 
Sosieriician, Green Sleeve, and Ulue Govni, all belong 
to Sir Joseph Ilawley, so that the odds about the 
tliree ai'e referred to in the last statement of the list 
just given. And since none of the offers against the 
three horses have been taken, we may expect the odds 
actually taken about " Sir Joseph Hawley's lot " to be 
more favorable than those obtained by summing up 
the three former in the manner we have already 
examined. It will be found that the i-esulting odds 
(offered) against Sir J. Hawley's lot — estimated in this 
way — should be, as nearly as possible, 132 to 80. We 
find, however, that the odds take^i are 180 to 80. 
Hence, we learn that the offers against some or all of 
the three horses are considerably short of what back- 
ers require ; or else, that some person has been induced 
to offer far heavier odds against Sir J. Hawley's lot 
than are justified by the fair odds against Iiis horses, 
severally. 
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We have heard it asked wliy a liorse is said to be a 
favorite, thoTJgh the odds may be against him. This 
is very easily explained. Let us take as an illustration 
the ease of a race in which four horses are engaged to 
run. If all these horses had an equal chance of win- 
ning, it is Tcry clear that the ease would correspond to 
that of a bag containing four halla of different colors ; 
since, in this case, we should have an equal chance of 
drawing a ball of any assigned color. ]^ow,'the odds 
against drawing a particular ball would clearly be 3 to 
1. This, then, should be the betting against each of 
the three horses. If any one of the horses has less 
odds offered against him, he is afa/ooriU. There may 
be more than one of the four lioracs thus distinguished ; 
and in that case, the horse against which the least odds 
are offered is the first favorite. Let ua suppose there 
are two favorites, and that the odds against the lead- 
ing favorite are 3 to 2, those against the other 2 to 1, 
and those against the best non-favorite 4 to 1 ; and 
let us compare the chance of the four horses, We 
have not named any odds against the fourth,. because, 
if the odds against all the horses but one are given, the 
just odds against that one are determinable, as we shall 
see immediately. The chance of the leading favorite 
corresponds to the chance of drawing a ball out of a 
bag in which are three black and two white balls, five 
in all ; that of the next to the chance of drawing a ball 
out of a bag in which arc two blacl; aud one white ball, 
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ihT66 in all ; that of the third, to the chance of drawing 
a ball out of a bag in which are four black balls and 
one wliite one, f/ce in all. AVe take, then, the least 
number containing both five and three— that is, fif- 
teen,; and then the number of white balls, correspond- 
ing to the chances of the three horses, are respectively 
six, five, and three, or fourteen in all ; leaving only tme 
to represent the chance of the fourth horse (against 
which the odds are, therefore, li to 1). Hence the 
chances of the four hoi-ses are respectively as the num- 
bers s«iB, fme^ three, and one. 

"We have spoken above of the published odda. The 
statements made in the daily papers commonly refer 
to wagers actually made, and therefore the uninitiated 
might suppose that every one who tried would be able 
to obtain the same odds. This is not the case. The 
wagers which are laid between practised betting-men 
afford very little indication of the prices ■which would 
be forced (so to speak) upon an inexperienced bettor. 
Book-makers — that is, men who make a series of bets 
upon several or all of the horses engaged in a race — 
naturally seek to give less favorable terms than the 
known chances of the different horses engaged would 
suffice to warrant. As they cannot offer such terms to 
the initiated, tliey offer them— and in general succese- 
fully — to the inexperienced. 

It is often said that a man may so lay his wagers 
about a i-aec as to make sure of gaining money whicli- 
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ever horse wina tlie race. This ia not strictly tlie case. 
It is of coarse possible to make sure of winiiiiig if the 
bettor can only get persona to lay or talce the odds he 
reqxiires to the arnount he requires. But thia i a pre- 
cisely the problem which would remain insoluble if all 
bettors were equally experienced. 

Suppose, for instance, that there are three horses 
engaged in a race with equal chances of success. It is 
readily shown that the odds are 2 to 1 against each. 
But if a bettor can get a person to tate even betting 
against the first horse (A), a second person to do the 
like about the second horse (B), and a third to do the 
like about the third horse (C), and if all these bets 
are made to the same amount — aay, ^1,000 — then, in- 
asmuch as only one horse can win, the bettor loses 
£1,000 on that horse (aay A), and gains the same sum 
on each of the two horses B and C. Thus, on the 
whole, he gains £1,000, the sum laid out against eacli 
horse. 

If the layer of the odds had ^aid the true odds to 
the same amount on each horse, he would neither have 
gained nor lost. Suppose, for instance, that he laid 
£1,000 to £500 against each horse, and A won ; then 
he would have to pay £1,000 to the backei' of A, and 
to receive £500 from each of the backers of B and G. 
In like manner, a person who had backed each horse 
to the same extent would neither lose nor gain by the 
event. Kor \yould a backer or layer who liad wagered 
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different sums necessarily gain or lose by the race ; he 
would gain or lose according to the event. This will at 
oiice be seen, on trial : 

let us next take the case of horses with unequal 
prospects of success — for instance, take the case of the 
foar horses considered above, against which the odds 
were respectively 3 to 2, 2 to 1, 4 to 1, and 14 to 1. 
Here, suppose the same sum laid against each, and for 
convenience let this sum be £S4 {because 84 contains 
the numbers 3, 2, 4, and 14). The layer of the odds 
■wagers £84 to £56 against the leading favorite, £84 
to £42 against the second horse, £84 to £21 against the 
third, and £84 to £6 against the foiirth. Wliiehever 
horse winSj the layer has to pay £84 ; but if the 
favorite wins, he receives only £42 on one horse, £21 
on another, and £6 on the tliird — that is £69 in all, so 
that he losea £15 ; if the second horse wins, he has to 
receive £56, £21, and £6— or £83 in all, so that he 
loses £1 ; if the third horse wins, he receives £56, £42, 
and £6 — or £104 in all, and thus gains £20 ; and, lastly, 
if the fourth horse wins, he has to receive £56, £42, 
and £21 — or 119 in all, so that he gains £35. He 
clearly risks much less than he has a chance (however 
small) of gaining. It is also clear that in all such cases 
the worst event for the layer of the odda is, that the 
favorite should win. Accordingly, as professional 
book-makers are nearly always layers of odds, one 
often finds the success of a favorite spoken of in the 
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papers aa-a "great blow for the booli-makcrs," wliile 
tlie success of a rank outsider will be described as " a 
misfortune to backers." 

But there is another circumstance which tends to 
make the success of a favorite a blow to layers of the 
odds, and vice versa. In tlie case we have supposed, 
the money actually pending about the four horses 
(that ia, the sum of the amounts laid yor and against 
them) was £liO as respects the favorite, £126 as 
respecta the second, £105 as respects the tliird, and 
£90 as respects the fourth. But, as a matter of fact, 
the amounts pending about the favorites bear always 
a much greater proportion than the above to the 
amounts pending about outsiders. It is easy to see 
the effect of this. Suppose, for instance, that instead 
of tlie sums £8i to £56, £84 to £42, £84 to £21, and 
£84 to £6, a book-maker had laid £8,400 to £5,600, 
£840 to £420, £84 to £21, and £14 to £1, respective- 
ly — then it will easily he seen that he would lose 
£7,958 by the success of the favorite ; whereas he would 
gain £4,782 by the success of the second horse, £5,937 
by that of the third, and £6,027 by that of the fourth. 
Wc have taken this as an extreme case ; as a general 
rule, there is not so gi'eat a disparity as has been here 
assumed between the sums pending on favorites and 
outsiders. 

Finally, it may be asked whether, in the ease of 
horses liaving unequal chances, it is possible that 

14 
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wagers can be so proportioned (jiist odda being given 
and taken) that, as in the former case, a person back- 
ing, or laying against, all the four sliall neither gain 
nor lose. It is so. All that is necessary is, that the 
sum actually pending about each horse shall be tlio 
same. Thus, in the preceding case, if the wagers £9 
to £6, £10 to £5, £12 to £3, and £14 to £1, are either 
laid or taken by the same person, he will neither gain 
nor lose by the event, whatever it may be. And, there- 
fore, if unfair odds are laid or taken about all the 
horses, in such a manner that the amounts pending on 
the Beveral horses are equal (or nearly so), the unfair 
bettor must win by the result. Say, for instance, that 
instead of the above odds, he lays £8 to £6, £9 to £5, 
£11 to £3, and £13 to £1 against the four horses re- 
spectively ; it will be found that he mtist win £1. Or 
if he takes the odds £18 to £11, £30 to £9, £24 to £5, 
and £28 to £1 (the just odds being £18 to £12, £20 to 
£10, £24 to £6, £28 to £2 respectively), he will win 
£1 by the race. So that, by giving or taking such 
odda to a sufficiently great amount, a bettor would be 
certain of pocketing a large sum, whatever the event 
of a given race might be. 

In every instance, a, man who bets on a i-aee mnt^i 
risk Ms TTioney, unless he can succeed in taking un- 
fair advantages over those with whom he bets. Our 
readers will conceive how small must be the chance 
that an unpractised bettor will gain any thing bnt 
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dearly-bought experience by speculating on liorse- 
races. "We would recommend those who are tempted 
to hoM another opinion to follow the plan suggested 
by Thackeray in a similar case— to take a good look 
at professional and practised betting-men, and to de- 
cide " which of those men they are most liltely to get 
the better of" in turf transactions. 

(i'rom C/iambci-a's Jovrnv,', July, IBSfl.) 



SQUAliING THE CIRCLE. 

Theee must be a singular charm about insoluble 
problems, since there are never wanting persons who 
are willing to attach them. We doubt not that at 
this moment there are pereons who are devoting their 
energies to Squaring the Circle, in the full belief 
that important advantages would accrue to science — 
and possibly a considerable pecuniary profit to them- 
selves — if they could succeed in solving it. Quite 
recently, applications have been made to the Paris 
Academy of Sciences, to ascertain what was the 
amount which that body was authorized to pay over 
to any one who should square the circle. So seri- 
ously, indeed, was the secretary annoyed by appli- 
cations of this sort, that it was found nece^ary to 
announce in the daily journals that not only was the 
Academy not authorized to pay any sum at all, but 
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that it bad determined never to give llie least at- 
tention to tbose who fancied they had mastered the 
famous problem. 

It is a singiilai- circumstance that people have even 
attacked the problem without knowing exactly what 
its nature is. One ingenious workman, to whom the 
difficulty bad been propounded, actually set to work 
to invent an arrangement for measuring the circnni- 
fereuce of the circle ; and was perfectly satisfied that 
he bad thus solved a problem which bad mastered all 
the mathematicians of ancient and modern times. 
That we may not fall into a similar error, let us cleaidy 
understand what it is that is required for the solution 
of the problem of " scLuaring the circle." 

To begin with, we must note that the term "squar- 
ing the circle " is rather a misnomer ; because the 
true problem to be solved is the determination of the 
length of a circle's circumference when the diameter 
ia known. Of course, the solution of this problem, 
or, as it is termed, the rectijicaiion of the circle, in- 
volves the solution of the other, or the qiiadrainire of 
the circle. But it is well to keep the simpler issue 
before us. 

Many have supposed that there exists some exact 
relation between the circumference and the diameter 
of the circle, and that the problem to be solved is the 
determination of this relation. Suppose, for example, 
that the approximate relation discovered by Arcbi- 
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nicJos (who t'oundj that it" a circle's diameter 13 I'epre- 
sented hy seven, the circumference may be ahnost 
exactly represented by twenty-two) were strictly cor- 
rect, and that Archimedes ]iad proved it to be so : 
then, according to this view, he would have solved the 
great problem ; and it is to determine a relation of 
some such sort that many persons have set themselves, 
Now, undoubtedly, if any relation of this sort could be 
established, the problem' would be solved; but, as a 
matter of fact, no such relation exists, and the solu- 
tion of the problem does not require that there should 
be any relation of the sort. For example, wo do not 
look on the determination of the diagonal of a square 
(whose side is known) aa an insoluble, or as otherwise 
than a very simple problem. Yet in this case no 
exact relation exists. We cannot possibly express 
both the side and the diagonal of a square in whole 
numbers, no matter what unit of measurement we 
adopt : or, to put the matter in another way, we can- 
not possibly divide both the side and the diagonal 
into equal parts (which shall be the same along each), 
no matter how small we take the parts. If we divide 
the side into 1,000 parts, there will be 1,414 such 
parts, and a piece over, in the diagonal ; if we divide 
the side into 10,000 parts, there will be 14,143, and 
still a little piece over, in tlie diagonal ; and so on for 
ever. Similarly, the mere fact that no exact relation 
exists between the diameter and the c ire u 111 fere nee of 



3d b, Google 



313 LIGnT SCIENCE FOR LEISURE HOURS. 

a circle is no bar whatever to the solution of tlic great 
problem. 

Before leaving this part of tlie enbject, however, 
wo may mention a relation which is very easily re- 
membered, and is very nearly exact — much more so, 
at any rate, than that of Archimedes. "Write down 
the numbers 113355, tliat ia, the first three odd num- 
bers each repeated twice over. Then separate the 
BIX numbers into two sets of three, thus : 113)355, 
and proceed with the division tlius indicated. The 
result, 3.1415929 . . . . , expresses the circumference 
of a circle whose diameter is 1, correctly to the sixth 
decimal place, the true relation being 3.141592(}5 .... 

Again, many people imagine that mathematicians 
are stiU in a state of uncertainty as to the relation 
which exists between the circumference and the diam- 
eter of the circle. If this were so, seientifie societies 
might well hold out a reward to any one who could 
enlighten them ; for the determination of this relation 
(with satisfactory exactitnde) may be held to He at the 
foundation of the whole of our modem system of 
mathematics. Wo need hardly say that no doubt 
whatever rests on the matter. A hundred different 
methods are known to mathematicians by which the 
circimiferenee may be calculated from the diameter 
with any required degree of exactness. Here ia a 
simple one, for example: Take any number of the 
fractions formed by putting one as a numerator over 
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the successive odd numbers. Add together the alter- 
nate ones beginning with the first, whicli, of course, 
13 unity. Add together the remainder. Subtract tlie 
Eccond sum from the first. The remainder will express 
the circumference (the diameter being taken as unity) 
to any required degree of exactness. We have merely 
to take enough fractions. The process would, of 
course, be a very laborious one, if great exactness were 
required, and as a matter of fact, mathematicians have 
made use of much more convenient methods for de- 
termining the required relation ; but the method is 
strictly exact. 

The largest circle we have much to do with in 
scientific questions is the earth's equator. As a matter 
of curiosity, we may inquire what the circumference 
of the earth's orbit is ; but as we are far from being 
sure of the exact length of the radius of that orbit 
(that is, of the earth's distance from the sun), it is 
clear that we do not need a very exact relation 
between the circumference and the diameter in deal- 
ing with that enormous circle. Confining ourselves, 
therefore, to the circle of the eai'th's equator, let us 
see what exactness we seem to require, "VVe will 
suppose for a moment that it is possible to measure 
round the earth's equator without losing count of a 
single yard, and that we want to gather from onr 
estimate what the diameter of this great circle may 
be. This seems, indeed, the only use to which, in 
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this case, ive can put onr knowledge of tlie relation 
we aro dealing with. We have then a circle some 
twenty-five thousand miles round, and each mile con- 
tains one thousand seven hundred and sixty yards; 
or, in all, there are some forty-four million yards in the 
circumference, and therefore (roughly) some fourteen 
million yards in the diameter of tliis great circle. 
Hence, if our relation is con-ect within a fourteen- 
milliontli part of the diameter, or fortj-four-millionth 
part of the circumference, we are safe from any error 
exceeding a yard. All we want, then, is that the 
number eKpreasing the circumference (the diameter 
being unity) should be true to the eighth decimal 
place, as quoted above. 

But, as we have said, mathematicians have not been 
content with a computation of this sort. They have 
calculated the number not to the eighth, but to the 
sue hiindred and twenUdh decimal place. Now, if we 
remember that each new decimal laakes the result ten 
times more exact, we shall begin to see what a waste 
of time there has been in this tremendous calculation. 
"We all remember the story of the horse which had 
twenty-four nails in its shoes, and was valued at the 
sum obtained by adding together a fai-thing for the 
first nail, a halfpenny for the next, a penny for the 
next, and so on; doubling twenty-four times. The 
result was counted by thousands of pounds. The 
old miser who paid at a similar rate for a grave 
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cigliteeii feet deep (doubling for each foot), killed 
himself when he heard the total. But now consider 
the efteet of iiiultiplying hy ten, six hundred and 
twenty times. A fraction, with that enormoua number 
for denominator, and unity for numerator, expresses 
the minuteness of the error which would result if 
the "long vahie" of the circumference were made 
use of. Let an ilhistration present the meaning of 
this : — 

It has been estimated that light, which could eight 
times circle the earth in a second, takes '50,000 years 
in reaching us from the faintest star seen in lord 
Kosse's giant reflector. Snpjsose we knew the exact 
length of the tremendous line which extends from the 
earth to such a star, and wanted, for some incon- 
ceivable purpose, to know the length of the circum- 
ference of a circle of which that line was the radius. 
The value deduced from the above-mentioned calcula- 
tion of the relation between the circumference and the 
the diameter would differ from the truth by a length 
which would be imperceptible under the most powerful 
microscope ever jet constructed. I^ay, the radius we 
have conceived, enormous as it is, might be increased 
a million-fold, or a million times a million-fold, with 
the same result. And the area of the circle formed 
with this increased radius would be determinable with 
BO much accuracy, that the error, if presented in the 
form of a minute square, would be utterly impcreep- 



3d b, Google 



S22 LIGHT SCIESCE FOR LEISUBE JIOURS. 

tiblo under a microscope a million times more power- 
ful than the hest ever vet constructed hy man, 

Not only lias the length of the circumference been 
calculated once in this unnecessarily exact manner, 
but a second calculator has gone over the ■work, inde- 
pendently. The two results are of course identical 
figure for figure. 

It ■will be asked then, what is the problem about 
■tvhich so great a work has been made ? The problem 
is, in fact, utterly insignificant; its only interest lies 
in the fact that it is insoluble — a property ■which it 
eliares along with many other problems, aa the tri- 
seetion of an angle, the duplication of a cube, and 
so on. 

The problem is simply this : Moving ffwen the dia- 
meter of a circle^ to determine, iy a geometrical con- 
struction, in which only airmght lines and circles shall 
he made -use of, the side of a square e^aml in area to 
the oirole. As we have Baid, the problem is solved, 
if, by a constrnction of the kind described, we can 
determine the length of the circumference ; because 
then the rectangle imdcr half this lengtli and the 
radius is ecj^ual in area to the circle, and it is a simple 
problem to describe a square equal to a given rectangle. 

To iUostrate the kind of construction required, we 
give an approximate solution which is remarkably sim- 
ple, and, so far as we are aware, not generally known. 
Describe a square about the given circle, touching it 
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at the ends of two diameters, AOB, COD, at right 
angles to each other, and join CA; let COAE be 
one of the quarters of the circnmscribing sq^uare, and 
from E draw EG, cutting off from AO a fonrth part 
AG- of ita length, and from AC the portion All. 
Then three sides of the eireumscribing equare together 
with All are very nearly equal to the circumference 
of the circle. The difference ia bo small, that in a cir- 
cle two feet in diameter, it would he less than the 
two-hundredth part of an inch. If this construction 
were exact, the great problem would have been solved. 

One point, however, ranst be noted : the circle is 
of all curved lings the easiest to draw by mechanical 
means. 33ut there are others which can be so dz-awn. 
And, if such curves as these be admitted as available, 
tlie problem of the qnadi'ature of the circle can be 
readily solved. There is a cnrve, for instance, in- 
vented by Dinostratns which can readily be described 
mechanically, and has been called the quadratrix of 
Dinostratus, because it has the property of thus solv- 
ing the problem we are dealing with. 

As such cuiTCS can be described with quite as 
much accuracy as the circle^-for, be it remembered, 
an absolutely perfect circle has never yet been drawn 
—we see that it is only the limitations which geome- 
ters have themselves invented that give this problem- 
its difficulty. Its solution has, as we have said, no 
value ; aiid no mathematician wonld ever think o±' 
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wasting a moment over the problem — for tliis reason, 
simply, tliat it liaa long Binee been demonstrated to 
be insoluble by simple geometrical methods. So that, 
■when a man says he has squared the circle (and many 
will say bo, if one will only give them a lieariug), he 
shows that either he wholly misunderstands the nature 
of the problem, or that his ignorance of mathematics 
has led hhn to mistake a faulty for a true solution. 
(From Chamiers't Joarmd^ Jaauarj 16, 18B9.) 



THE NEW THEORY OF ACHILLES'S SHIELD, 

A DisTiNGiiisnED classical authority has remarked 
tliat the description of Achilles's shield occupies an 
anomalous position in Homer's "Iliad." On the one 
hand, it is easy to show that the poem — for the descrip- 
tion may he looked on as a complete poem — is out of 
place in the " Iliad ; " on the other, it is no less easy to 
show that Homer has carefully led up to the descrip- 
tion of the shield by a series of introductory events. 

I propose to examine, briefly, the evidence on each 
of these points, and then to exhibit a theory respecting 
the shield which may appear hisarre enough on a first 
view, but which seems to me to be supported by satis- 
factory evidence. 

An argument commonly urged against the genuine- 
ness of the "Shield of Achilles" is founded on the 
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length aiid labored character of the description. Even 
Grote, whose theory is that Homer's original poem was 
not an Iliad, but an AehiUeis, Las admitted the force 
of this argument. He finds clear eridence that from 
Eook II. to Book XX., Homer has been husbanding 
his resources for the more effective description of the 
final conflict. Ho therefore concedes the possibility 
that tlie " Shield of Achilles " may be an intcrjiolation 
— ^perhaps the work of another hand. 

It appears to mc, however, that the mere length of 
the description is no argument against the genuineness 
of the passage. Events have, indeed, been hastening 
to a crisis up to the end of Book XVIL, and the action 
is cheeked in a marked manner by the ' Oplopffiia " in 
Book XTIII. Yet it is quite in Homer's manner to 
introduce, between two series of important events, an 
interval of comparative inaction, or at least of events 
wholly different in character from those of either series. 
"Wo have a marked instance of tliis in Books IX. and 
X. Here the appeal to Achilles and the night-adven- 
ture of Diomed and Ulysses are interposed between 
the first victory of the Trojans and the great struggle 
in which Patroclus is slain, and Agamemnon, Ulysses, 
Diomed, Machaon, and Eurypyhis wounded.^' In fact 

* Anotlier well-known instance, where " Patroclus sent in hot hriate 
for newB bj a man of the most fiery impatience, is button-held by Nee- 
tor, and though bo has no Ume to sit down, yet is obliged to enduro 
a speech of 163 lines," is accotinted for by Gladstone in a different 
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one cannot doubt that in Bnch an arrangement Homer 
exhibits admirable taste and judgment. The contrast 
between action and inaction, or between the confused 
tamnlt of a heady conflict and the subtle advance of 
the two Greek heroes, ia conceived in the true poetic 
spirit. Tho dignity and importance of the action, and 
the interest of the interposed events, are alike en- 
hanced. Indeed, there is scai'cely a noted author 
whoso works do not afford instances of corresponding 
contrasts. How skilfully, for example, has Shake- 
speare interposed the " bald, disjointed chat " of the 
sleepy porter between the eonacience-wrought horror 
of Duncan's murderers and the " horror, horror, hor- 
ror" which " tongue nor heart could not conceive nor 
name " of his faithful followers. Nor will the reader 
need to be remhided of the frequent and effective use 
by Dickens of the contrast between the humorous and 
the pathetic. 

The labored character of the description of the 
shield is an argument — -though not, perhaps, a very 
striking one — of the independent origin of the poem. 

But the arguments on which I am disposed to lay 
most stress lie nearer the surface. 

Scarcely any one, I think, can have read tlie de- 
scription of the shield without a feeling of wonder that- 
Homer should describe the shield of a mortal hero as 
adorned with so many and such important objects. 
We find the sun and moon the constellations, the waves 
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of ocean, and a variety of other objeeta, "better suited to 
adorn the temple of a great deity than tHo shield of a 
wanior, however notle and heroic. The objects de- 
picted even on the iEgis of Zeus are much less impor- 
tant. There is certainly no trace in the " Iliad " of a 
wish on Homer's part to raise the dignity of mortal 
heroes at tlie expense of Zeus, yet the jEgis is thus 
succinctly descrihed : 
"Fringed roiinil witli ever-figliting enakes, tliongt. it was drawn 

The niisenes and deaths of flgiit; in it frowned bloody Strife, 
In it shone sacred Fortitude, in it fell Pursuit Sew, 
In. it the monster Gorgon's head, in wliicli lield out to view 
Were all the dire ostents of Jove." — Chapman's Translation. 

Five lines here, aa in the original, suffice for the 
description of Jove's jEgis, while one hundred and 
thirty lines are employed in the description of the 
celestial and teiTcstrial objects depicted on the shield 
of AebUles. 

Another circumstance attracts notice in the descrip- 
tion of Aehilles's armor — the disproportionate impor- 
tance attached to the shield. Undoubtedly, the shield 
was that portion of a hero's armor which admitted of 
the freest application of artistic shill. Yet this eon- 
Bideration is not sufficient to account for tlie fact that, 
while so many lines are given to the shield, the helmet, 
corselet, and greaves, are disposed of in four. 

But the argument on which I am inclined to lay 
most stress is the occurrence elsewlu^re of a description 
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■wliich is undoubtedly only anotlaer version of the 
"Shield of Achilles." The "Shield of Hercules" 
occurs in a poem ascribed to Hesiod. But whatever 
opinion may be formed respecting the authorship of 
the description, there can be no doubt that it is not 
Hesiod's worlr. It exhibits no trace of bis dry, didac- 
tic, somewhat heavy style. Elton ascribes the " Shield 
of Hercules " to an imitator of Homer, and in support 
of this view points out those respects in which the 
poem resembles, and those in ■which it is inferior to, 
the " Shield of Achilles." The two descriptions are, 
however, absolutely identical in many places; and thb 
would certainly not have happened if one had been an 
honest imitation of the other. And those parts of the 
" Shield of Hercules " which have no counterparts in 
the " Sliield of Achilles " arc too well conceived and 
expressed to be ascribed to a very inferior poet — a poet 
so inferior as to be reduced to the necessity of simply 
reproducing Homer's words in other parts of the poem. 
Those parts ■which admit of compaiTson — where, for 
instance, the same objects are described, but in differ- 
ent terms — are certainly infeiior in the "Shield of 
Hercules," The description is injured by the addition 
of unnecessary or inharmonious details. Elton speaks, 
accordingly, of these portions as if they were expan- 
sions of the corresponding parts of the "Shield of 
Achilles."' This appeai-s to me a mistake. It seems 
far more likely that both descriptions are by the same 
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poet. It is not neeesaarj for tlio support of my theory 
that this poet should be Homer, but I think both de- 
scriptions show undoubted traces of his handiworli. 
Indeed, all known imitations of Homer are so easily 
recognizable aa the work of inferior poets, that I should 
have thought no doubt could exist on this point, but 
for the attention which the German theory respecting 
the " Iliad " has received. Assigning both poems to 
Homer, the " Shield of Hercules " may be regarded, 
not as an expansion (in parts) of the " Shield of 
Achilles," but as an earlier work of Homer's, improved 
and pruned by his maturcr judgment, when he desired 
to fit it into the plan of the "Iliad." Or rather, each 
poem may be looked on as an abridgment (the " Shield 
of Hercules " the earlier) of an independent work on a 
subject presently to be mentioned. 

It is next to be shown that, in the events preceding 
the " Oplopceia," there is a preparation for the intro- 
duction of a separate poem. 

In the firat place, every reader of Homer is familiar 
with the fact that the poet constantly makes use, when 
occasion serves, of expressions, sentences, often even 
of complete passages, which have been already applied 
in a corresponding, or occasionally even in a wholly 
different, relation. The same epithets are repeatedly 
applied to the same deity or hero. A long message is 
delivered in the very words which have been already 
used by the sender of the message. In one well-known 
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instance (in Book II.), not only ia a message delivered 
thus, but the person who has received it repeats it to 
others in precisely the same terms. In the corabat 
"between Hector and Ajax (Book VI.), the flight of 
Ajax's spear, and the movement by which Hector 
avoids the missile, are described in six lines, differing 
only as to proper names from those which had been 
already used in describing the encounter between Paris 
and Menelaus (Book HI.). 

This peculiarity would be a decided blemish in a 
■written poera. Tennyson, indeed, occasionally copies 
Homer's manner — for instance, in "Enid," he twice 
repeats the line — ■ 

"A3 careful roTjJns eye tlie delyer's toil ; " 
but with a good taste which prevents the repetition 
from becoming offensive. The fact is, that the pe- 
culiarity marks Homer as the singer, not the writer, 
of poetry. I would not be understood as accepting 
the theory, according to wliich the " Hiad " is a mere 
string of ballads, I imagine that no one who justly 
appreciates that noble poem would be willing to 
countenance such a theory. But that tlio whole poem 
was sung by Homer at those prolonged festivals which 
formed a characteristic peculiarity of Achaian manners 
seems shown, not only by what we learn respecting 
the later " rhapsodists," but by the internal evidence 
of the poem itself.* 
•Bee 
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Homer, reciting a long and elaborate poem of hia 
own composition, occasionally varying tlie order of 
events, or adding new episodes, extemporized as tlie 
song proceeded, would exhibit the peculiarity in- 
variably observed in the "improvisator," of using, 
more than once, expressions, sentences, or passages, 
which happened to be conveniently applicable. The 
art of extemporizing depends on the capacity for com- 
posing fresh matter while the tongue is engaged in 
the recital of matter already composed. Any one who 
has watched a clever improvisator cannot fail to Lave 
noticed that, thongh gesture is aptly wedded to words, 
the thoughts are elsewhere. In the ease, therefore, of 
an improvisator, or even of a rhapsodist reciting from 
memory, the occasional recurrence of a well-worn 
form of -words serves as a relief to the strained inven- 
tion or memory. 

"We have reason, then, for supposing that if Homer 
had, in his earlier days, composed a poem which was 
applicable, with slight alterations, to the story of the 
" Iliad," be would endeavor, by a suitable arrangement 
of the plan of his narrative, to introduce the lines 
whose recital bad long since become familiar to him. 

Evidence of design in tlie introduction of the 
" Shield of Achillea " certainly does not seem wanting. 

Book II. To what purpose would the mere writer of poatry pray for 
an increase of his pbjsical powers? Nothing could be more proper, 
says Gladetone, if Homer were about to write; nothing lefcs proper if ho 
were engaged on a written poem. 



,db, Google 



332 LIGHT SCIENCE FOR LEISURE HOURS. 

It is by no meana necessary to the plot of tlte 
" Iliad " that Achilles should lose the celestial armor 
given to Pelens as a dowry with Thetis. Oa the 
contrary, Homer has gone out of his way to render 
the labors of Vulcan necessary. Patroclus haa to be 
BO ingeniously disposed of, that -while the armor lie 
had worn is seized by Heetor, his body is rescued, as 
are also the horses and chariot of Achilles. 

We have the additional improbability that the 
armor of the great Achilles should fit the inferior 
warriors Patroclus and Heetor. Indeed, that the 
armor should lit Hector, or rather, that Hector should 
fit the armor, the aid of Zeus and Arcs has to be 
called in : 

" To tbis Jove's sable brows did bow ; and be made fit his limbs 
To those great arms, to fill wbioli up the war-god entered bim 
Austere and terrible, his joints and every part extends 
With strength aad fortitude." — Ohapjnait's Translation. 

It is clear that the narrative would not have been 
impaired in any way, while its probability and con- 
sistency woiild have been increased, if Patroclus had 
fought in his own armor. The death of Patroclus 
would in any case have been a cause sufficient to 
arouse the wrath of Achilles against Hector — thouglj 
certainly the hero's grief for his armor is nearly as 
poignant as his sorrow for his friend's death. 

It appears probable, then, that the description of 
Achilles's Shield is an interpolation — the poet's own 
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work, however, and brought in bj him in the only 
way he found available. The description clearly re- 
fers to the same object wliieb is described (here, also, 
only in part) in the " Shield of Hercules." The 
original description, doubtless, included all that is 
found in both " shields," and probably much more. 

What, then, was the object to which the original 
description applied ? An object, I should think, far 
more important than a warrior's shield. I imagine 
that any one who should read the description with- 
out being aware of ita accepted interpretation would 
consider that the poet was dealing with an important 
series of religious sculptures, possibly that he was de- 
scribing the dome of a temple adorned with celestial 
and terrestrial symbols. 

In Egypt there are temples of a vast antiquity, 
having a dome, on which a zodiac — or, more correctly, 
a celestial hemisphere — is sculptured with constella- 
tion-figures. And we now learn, from ancient Baby- 
lonian and Assyrian sculptures, that these Egyptian 
zodiacs are in all probability merely copies (more or 
less perfect) of yet more ancient Chaldean zodiacs. 
One of these Babylonian sculptures is figiu'ed in 
Itawlinson's "Ancient iilonarchies." It seertis prob- 
able tliat in a country where Sabisanism, or star-wor- 
ship, was the prevailing form of religion, yet moro 
imposing proportious would be given to such zodiacs 
than in Egypt. 
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My tlieoiy, then, respoctiiif; the Shield of Acbillea 
is tliis : 

I conceive tJiat Homer, in his Eastern travels, 
visited imposing temples devoted to astronomical ob- 
servation and star-worship ; and that nearly every 
line in both " shields " is borrowed from a poem in 
which he described a temple of this sort, its domed 
zodiac, and those illustrations of the labors of dili'er- 
ent seasons and of military or judicial procedure 
■which the astrological proclivities of star-worshippers 
led them to i^aociate with the different constellations. 

I think there are arguments of some force to be 
urged in support of this theory, fanciful as it may 



In the first place, it is necessary that the constella- 
tions recognized in Homer's time (not necessarily, or 
probably, Jyy Homer) should be distinguished from 
later inventions. 

Aratus, writing long after Homer's date, mentions 
forty-five constellations. These were probably derived, 
without exception, from the globe of Eudoxus, Re- 
membering the tendency "whicli astronomers Lave 
shown, in all ages, to add to the list of constellations, 
we may' assume that in Homer's time the number 
was smaller. Probably there were some fifteen north- 
ern and ten southern constellations, besides the twelve 
zodiacal signs. The smaller constellations mentioned 
by Aratus doubtless formed parts of larger figures. 
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Any one who studies tlie heavens will recognize the 
fact that the larger constellations have been robbed 
of their just proportions to form tlie smaller asterisnis. 
Corona Borealis was the right arm of Bootes, Ursa 
lilinor was a wing of Draco (now wingless, and no 
longer a dragon), and so on. 

Secondly, it is necessary that the actual appearance 
of the heavens, with reference to the position of the 
pole in Ilomer's time, should be indicated. For our 
present purpose, it is not necessary that we should 
know the exact date at which the most ancient of the 
zodiac-temples were constructed (or to which they 
were made to correspond). There are good reasons, 
though tliia is not the proper place for dwelling upon 
them, for supposing that the great epoch of reference 
among ancient astronomers preceded the Christian era 
by about 2,300 years. Be this as it may, any epoch 
between the date named and the probable date at 
which Homer flourished — say nine or ten centuries 
before the Christian era — will serve equally well for 
our present purpose. Now, if the effects of equi- 
noctial precession be traced back to sucli a date, we 
are led to notice two singular and not uninteresting 
circumstances. First, the pole of the heavens fell in 
the central part of the great constellation Draco ; and, 
secondly, the equator fell along the length of the great 
sea-serpent, Hydra, in one part of its course, and else- 
where to the north of all the ancient aquatic constella- 
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tioiis,'* save that one-half of the northernmost fish 
(of the zodiac pair) lay north of the equator. Thus, 
if a celestial sphere were constructed with the equator 
in a horizontal position, the Dragon would be at tiie 
summit, Hydra won!d be extended horizontally along 
the equator — hut with his head and neck reared 
above that circle — and Argo, Cetus, OaprieornuB, 
Piecis Australia, and Pisces — save one-half of the 
northernmost — would lie Idow the equator. It may, 
also, be mentioned that all the bird-constellations 
were then, as now, clustered together not far from 
the equator — Cygnus (the farthest from the equator) 
being ten degrees or so nearer to tliat circle than at 
present. 

Now let us turn to the two "shields," and see 
whether there is any thing in them to connect them 
with zodiac- temples, or to remind Us of the relations 
exhibited above. To commence with the " Shield of 
Achilles," the opening lines inform us that there ap- 
peared— 

" Tlie Btai'i'j liglita tliat heaven's liigli convex cvowucci, 
The Pleiads, Hyiida, witli the noftliern team, 
Aad great Orion's more refulgent beam," 

And here, in Aehilles's shield, the list of constellations 
closes ; but it is remarkable that in the " Shield of 
IIercu3(S," while the above lines are wanting, we find 

* We way exclude Delpliinas as probably iitor t'lau llomoi'a time, 
Ihougli mentioned by Aratus, 
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lines which clcarlj point to other .constellations, l!e- 
membering what liaa just been stated about Draco, 
it seems at the least a singular coincidence that we 
slionld find the centre or boss of the shield occupied 
by a dragon : 

" TIio ecaly liorror of n di-agon, coikd 
Full ia the central tield, unspeakable, 
With eyea oblique retorted, that aslant 
Shot gleaming flame.'"*— i^ifoa's Translation. 

Wo seem, also, to find a reference to the above-named 
i-clations of tlie aquatic constellations, and specially to 
the constellation Pisces : 

" Tn tlie midst, 
Full many dolpliins chased the fry, and sliowed 
Aa thoagli they swam tlie waters, to and fro 
Darting tumultuous : two t of silver scale 
Panting above the wave." 

* Compare the description of the constdlation Draco by Aratua; 

" Swol'n is his neck — eyes charged with spackliiig five 
His crested head illume. As if in ire 
To Ilelioe lie turns hU foaming jaw 
And darts liia tongue, barbed with a blazing star." 

Zonii's Translation. 
■[■ It is seareely necessafy to remarlc that no importance ia to bo 
attached to the numerical relations In this ar.d other passages. In the 
original worfc describing a zodiao-domo, the exact number of conetella- 
tions representing fishes, dogs, or the like, would of course l>e men- 
tioned ; but any changes necessary to Homer's purpose in describing a 
shield would unhesitatingly have been introduced by Iiim subsequently. 
It is singular, however, that we sliould have \icv% and in the passage 
quoted farther on as referring to Oi'ion and the Dogs, the number feo 

15 
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Tor we learn from botli " ehielda " that the waves of 
ocean were iigured in a position corresponding with 
the above-mentioned position of the celestial equator, 
beneath which — that is, in the ocean, on our aasimip- 
tion — the aquatic constellations were figured. The 
description of the ocean in the " Shield of Hercules " 
contains also some lines, in which we eeem to see a 
reference to the bird-constellations close above the 
equator : 

"Rounding the utLiiost verge the ocean flowed 
As in full swell of waters, aud the shield 
All vai-iegated with whole circle hound. 
Swans of high-hovering wing there clamored shrill, 
Who also skimmed the hroasted snrge with pluine 
Innumorous ; near them fishes 'midst the waves 
rrolicked in wantoa bounds." 

In the " Shield of Aehilles " no mention is made of 
Perseus, bitt in the "Shield of HercuIcB" this well- 
known constellation seems described in the lines — 

"There was the knight of fair-haired Danae horn, 
Perseus; nor yet the buckler with his foot 
Touched nor yet distant hovered, strange to see, 
Por nowhere on the surface of the shield 
He rested ; so the crippled artist-god 

specially mentioneiJ. The latter inatanoe is the more remarkible, iiiaa- 
jnuch as the luentiiKi of ineu and hares would lead one to expect that 
more than two dogs wouM be introduced. I troald suggest as a suffi- 
cient reason for this peculiarity that the verbal alterations necessary to 
pluralizc some of the objects in the dome would be more easily effected 
than those necessarj to undualiae ethers. 
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Illustrious framed him witli Ids hands in gold. 
Bound to his feet were sandals winged ; a sword 
Of brass, with, hilt of sable ebony, 
Ilnng round him from the shoulders by a thong. 

Xhe visage grim 

Of monstrous Gorgon all his back o'erspread ; 

the dreadful helm 

Of Pluto clasped the temples of the prinoe." 

I tliiiik that one may recognize a reference to the 
twins Castor and Pollux (the wrestler and boxer of 
mythology) in the words — 

"But in another part 
Were men who wrestled, or in gjmnic fight 
Wielded the cestus." 

Orion is not mentioned by name in the "Shield of 
Hercnles," as in the other; but Orion, Lepus, and the 
two dog?, seem referred to : 

"Elsewhere men of chase 
IV ere taking the fleet hares; two keen-toothod dogs 
Bounded beside, these ardent in pursuit, 
Those with like ardor doubling in their flight." 

In each " shield " we find a reference to the opera- 
tions of the year — hunting and pasturing, sowing, 
ploughing, and harvesting. It is hardly necessary to 
point out the connection between these operations and 
astronomical relations. That this connection was fully 
recognized in ancient times is shown in the " Worts 
and Days" of Hesiod. We find also in Egyptian 
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eodiacs clear evidence tlaat these operatioiie, as well as 
astronomical sj'inbola or constellations, fonnd a record 
ill senlptured domes. 

The judicial, military, and otliev proceedings de- 
scribed in the " Shield of Achillea " were also siii>- 
posed by the ancients to have been influenced by the 
courses of the stars. 

If we had no evidence that ancient celestial spherca 
presented the constellations above referred to, we 
might be disposed to attach less weight to the coinci- 
dences here presented; but the "Phenomena" of 
Aratns aifords sufficient testimony on this point. In 
the first place, that work ia of great antiquity, sineo 
Aratus flonrislied two centuries and a half before the 
Christian era; but it is well tnown that Aratus did 
not describe the results of his own observations. The 
positions of the constellations, aa recorded by him, 
accord neither with the date at which he wrote nor 
with the latitude in which he lived. It is generally 
asaumed — chiefly on the authority of Hipparehus — 
that Aratus borrowed his knowledge of astronomy 
from the sphere of Eudoxus ; but we must go much 
farther back even than the date of Eudoxus, before wo 
can find any correspondence between the appearance 
of the heavens and the description given by Ai'atus. 
Thus we may very fairly assume that the origin of tlie 
constellations (as distinguished from their association 
with certain circles of tlio celestial sphere) may be 
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placed at a date preceding, perhaps by many genera- 
tions, tliat at whidi Homer flourished. 

ludeedj there have hot been wanting those who find 
in the ancient constellations the record of the eai-lj 
history of man. According to their views, Orion is 
Nimrod — the " Giant," as the Arabic name of the con- 
stellation implies — the mighty hunter, as the dogs and 
hare beside him signify. The Centaur bearing a 
victim toward the altar is Noali ; Ai^o, the stern of a 
ship, is the ark, as of old it might be seen on Kount 
Ararat. Corvus is the crow sent forth by Noah, and 
the bird is placed on Hydra's back to show that there 
was no land on whicli it could set ite foot. The figure 
now called Hercules, but of old Engonasin, or the 
kneeler, and described by Aratus as " a man doomed 
to labor," is Adam. His left foot treads on the 
dragon's head, in token of the saying, " It shall braise 
thy head;" and Serpentarius, or the serpent-bearer, is 
the promised seed. 

Of course, if we accept these views, we have no 
difficulty in understanding that a poet so ancient as 
Homer should refer to the constellations which still 
appear upon celestial spheres. And, in any case, the 
mere question of antiquity presents, as we liave already 
shown, little difficulty. 

But there is a difficulty in one respect, a ]iotico 
of which must close this paper, already carried far be 
yond the limite I had proposed to myself: It may be 
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